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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wireless data transmission system utilizing 
the SDM and compatibile with a conventional wireless communication system, and to 
provide a wireless data transmission/reception apparatus. 
SOLUTION: The wireless data transmission system including a transmission 
apparatus and a reception apparatus is characterized in that when the transmission 



apparatus starts data transmission to the reception apparatus, the transmission 
apparatus transmits data including a maximum number of antennas available for the 
transmission and a maximum number of available data sequences to spatial division 
multiplexing control data to the reception apparatus, and when the transmission 
apparatus receives a discrimination result indicating impossibility of reception by the 
number of the transmission antennas and the number of the data sequences, the 
transmission apparatus transmits data including a reduced number of the 
transmission antennas and a reduced number of the data sequences to the spatial 
division multiplexing control data to the reception apparatus. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

It is a sending set which is provided with two or more antennas, carries out the 
space division multiple of the data of one or more series, and carries out wireless 
transmission using the same frequency channel, 

A sending set provided with a means to generate space division multiple control data 
containing the number of antennas used for transmission between said two or more 
antennas, and the number of series of data to transmit, to include this space division 
multiple control data in data of at least 1 series, and to transmit. 
[Claim 2] 

It is a receiving set which can receive data by which wireless transmission was 
carried out from the sending set according to claim 1 , 

Said sending set acquires the number of antennas used for transmission, and the 
number of series of data to transmit from said space division multiple control data 
contained in received data, A receiving set provided with a means to distinguish 
whether it is ability ready for receiving for data with this number of transmission 
antennas, and the number of data series, and to transmit a discriminated result to 
said sending set. 
[Claim 3] 



A radio data transmission system constituted including respectively the sending set 
according to claim 1 and the receiving set according to claim 2 one or more. 
[Claim 4] 

In the radio data transmission system according to claim 3, 

When starting data transmission to a receiving set, said sending set includes the 
maximum number of an antenna usable to transmission, and the maximum number of 
an usable data series in said space division multiple control data, and transmits, A 
radio data transmission system including what reduced each of said number of 
transmission antennas, and the number of data series in said space division multiple 
control data, and transmitting when a discriminated result that it is unreceivable with 
said number of transmission antennas and the number of data series is received 
from said receiving set. 
[Claim 5] 

Said sending set is provided with a means to modulate send data with an OFDM 
system and to transmit, 

The radio data transmission system according to claim 3, wherein said receiving set 
is provided with a means to restore to received data with an OFDM system. 
[Claim 6] 

Wireless data transceiving equipment which is provided with the following and 
characterized by transmission and reception of wireless data being possible. 
The sending set according to claim 1 . 
The receiving set according to claim 2. 

[Claim 7] 

In the radio data transmission system according to claim 3, 

A radio data transmission system, wherein said sending set and a receiving set 
transmit as a data packet which added a preamble of ARIB STD-T71 system to said 
send data which carried out the space division multiple. 
[Claim 8] 

In the radio data transmission system according to claim 3, 

A radio data transmission system, wherein said sending set and a receiving set 
transmit as a data packet which added a preamble of an IEEE802.1 1a system to said 
send data which carried out the space division multiple. 
[Claim 9] 

Said sending set transmits to the signal field included in a preamble of said data 
packet including data in which a modulation method of said send data which carried 
out the space division multiple is shown, 

The radio data transmission system according to claim 7 or 8, wherein said receiving 
set restores to received data with a modulation method shown in said signal field. 
[Claim 10] 

The radio data transmission system according to claim 9, wherein said sending set 
transmits to the signal field included in a preamble of said data packet further 



including data in which it is shown whether send data is data based on a space 
division multiple system. 
[Claim 11] 

The radio data transmission system according to claim 9, wherein said sending set 
transmits to the signal field included in a preamble of said data packet further 
including data in which data length of send data is shown. 
[Claim 12] 

A radio data transmission system given in any 1 clause of Claim 9, wherein said 
sending set adds the signal field which contained further data in which a modulation 
method and data length of said send data are shown to a head of said send data and 
transmits to 1 1 . 
[Claim 13] 

The radio data transmission system according to claim 12, wherein said sending set 
includes MAC control information on send data in a data field of a data packet of 
said ARIB STD-T71 system or an IEEE802.1 1a system further and transmits. 
[Claim 14] 

Said sending set changes a part of data length of a preamble contained in said data 

packet with a modulation method of send data, and transmits, 

The radio data transmission system according to claim 7 or 8 said receiving set's 

identifying a modulation method of received data with a part of data length of said 

preamble, and restoring to received data with this modulation method. 

[Claim 15] 

Said sending set transmits to a preamble for propagation path estimates added to a 
head of send data in said data packet including data in which a modulation method of 
this send data is shown, 

The radio data transmission system according to claim 7 or 8, wherein said receiving 
set restores to received data with a modulation method shown by said preamble for 
propagation path estimates. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the wireless data sending set and receiving set for realizing 
the radio data transmission system which carried out division multiplex [ of the 
transmission data ], and accelerated data communications especially, and this about 
the radio data transmission system and wireless data transceiving equipment which 
use a 5GHz bandwidth. 
[0002] 

[Description of the Prior Art] 

In recent years, two or more small-power-wireless communications systems of the 
license needlessness which uses a 5GHz bandwidth are proposed, and are 
standardized. For example, in the HiSWAN (High Speed Wireless Access System) 
standard of ARIB (Association of Radio Industries and Businesses), an indoor- 
oriented radio communications system is mainly provided in a 5GHz bandwidth. 
[0003] 

In IEEE802.1 1a which is one of the wireless LAN standards by IEEE (Institute of 
Electrical and Electronics Engineers). Use the frequency band of the 5.2-GHz 
circumference and to a modulation method An OFDM system, The CSMA/CA 
(Carrier Sense Multiple Access with Collision Avoidance) system is adopted as a 
MAC layer, and access speed provides the radio communications system in which 
the high-speed wireless communications of 36 - 54Mbps are possible. 
[0004] 

However, to 5.15 GHz permitted to such a small-power-wireless communications 
system - 5.25 GHz bands. There are only four channels of 20 MHz (an occupancy 
signal frequency band is 18 MHz) of frequency bands, and it is said that it is difficult 
to raise the throughput as a radio communications system. 
[0005] 

The technology of SDM (Space Division Multiplexing: space division multiple) is 
proposed under such a situation as technology which raises access speed. In the 
radio communications system using SDM, a sending set transmits simultaneously 
different data using two or more antennas with the same frequency band, and a 
receiving set receives these signals by which multiplex was carried out, and is 
separated. 
[0006] 

An example using such SDM of a radio communications system is explained briefly. 
In this example, the sending set and the receiving set shall be provided with two 
antennas, and the number of the data series transmitted and received shall also be 
two. Although anythings are possible for the modulation method of data, the OFDM 



modulation system with which it opts for specificatiorHzation by the 5GHz 

bandwidth here shall be used. 

[0007] 

Drawing 13 is a figure showing roughly the composition of the radio communications 
system in this example. In drawing 13, the sending set of this radio communications 
system is provided with two antenna TxAnt.A and TxAnt_B, and the receiving set is 
also provided with two antenna RxAnt_A and RxAnt.B. 
[0008] 

When transmitting data to a receiving set from a sending set, a sending set 
transmits simultaneously the data Tx (A) divided into two, and each of Tx (B) with 
the same frequency band from antenna TxAnt.A and TxAnt_B. 
[0009] 

The data Tx (A) transmitted from antenna TxAnt_A passes along the propagation 
ways H1 1 and H12, and is received by antenna RxAnt.A and RxAnt_B of a receiving 
set, respectively. Similarly, the data Tx (B) transmitted from antenna TxAnt_B 
passes along the propagation ways H21 and H22, and is received by antenna 
RxAnt_A and RxAnt_B of a receiving set, respectively. 
[0010] 

In antenna RxAnt_A of a receiving set, the received data from the propagation ways 
H11 and H21 are received as the compounded received data Rx (A). Similarly, in 
antenna RxAnt_B, the received data from the propagation ways H12 and H22 are 
received as the compounded received data Rx (B). 
[0011] 

Here, the following determinants (1) can express the received data Rx (A) and Rx (B) 
in each antenna of a receiving set using the propagation way H1 1, H12, H21 and H22, 
and the send data Tx (A) and Tx (B) in each antenna of a sending set. 
[0012] 

[Mathematical formula 1] 
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[0013] 

In a receiving set, when the propagation ways H1 1-H22 are known beforehand, the 
received data Rx (A) and Rx (B) to the send data Tx (A) and Tx (B) are calculated. If 
the determinant shown by H1 1-H22 is set to H (it is hereafter called a "propagation 
way procession") and the inverse matrix is made into H"\ the following determinants 
(2) can express the send data Tx (A) and Tx (B). 
[0014] 

[Mathematical formula 2] 
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[0015] 

Since the propagation way procession H changes with communication environment, 
it is common by preceding performing data communications and transmitting known 
data to a receiving set from a sending set to search for the propagation way 
procession H. This known data is called preamble for propagation way measurement. 
[0016] 

For example, the case where included the data [ data / a and a ] a from antenna 
TxAnt_B and -a in the head of the burst, and it transmits from antenna TxAnt_A of a 
sending set as a preamble for propagation way measurement is considered. Drawing 
14 is a figure showing the example of the packet format at the time of transmission 
of this preamble for propagation way measurement. It is superimposed on the 
preamble for propagation way measurement transmitted from each antenna of the 
sending set through the propagation way H, and it is received by each antenna 
RxAnt_A and RxAnt_B of a receiving set. 
[0017] 

At this time, the data received by antenna RxAnt_A of the receiving set is set to r1 
and r2, and the following determinant will be materialized if the data received by 
antenna RxAnt_B is set to r3 and r4. 
[0018] 

[Mathematical formula 3] 
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[0019] 

In an upper type, since r1-r4 are the received data in a receiving set and a and -a 
are known pilot signals beforehand, (3) types will be transformed and the propagation 
way procession H will be expressed with the following formula. 
[0020] 

[Mathematical formula 4] 
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[0021] 

However, in the radio communications system in this example, since the OFDM 
modulation system is adopted, the propagation way procession H shown by (4) 
formulas about each subcarrier of OFDM must be searched for. 
[0022] 

Next, the OFDM wireless communication system using the 5GHz bandwidth which 
specification has already decided is explained briefly. This system is a CSMA/CA 
system specified to ARIB-STD T-71. 

Except for the laws and regulations in each country including the frequency band to 
be used, it has the same specification as IEEE802.1 1a. 

[0023] 

Drawing 15 is a figure showing roughly the composition of the communication packet 
used in this OFDM wireless communication system. In drawing 15, the 
communication packet comprises the area B and the C region included the preamble 
signal, the signal field shown in SF, and a data field shown by DF. 
[0024] 

Although a preamble signal is known data between a sending set and a receiving set, 
it is not prescribed by specifications in particular how the preamble signal included in 
area B and a C region is used in a receiving set. Usually, area B is a repetition (0.8 
microsecond x ten pieces) of the data for 0.8 microsecond, and is used for data 
communications, such as AGC control, a coarse estimating frequency offset, and a 
symbol synchronization. A C region is used for data communications, such as 
propagation path estimate and a fine estimating frequency offset. 
[0025] 

Drawing 1 6 is a figure showing the composition of the data contained in the signal 
field (SF). The modulation rate of the data field (DF) which SF comprises 24-bit data 
and follows below 4 bits. Reserve is included for the length (byte length) of a data 
field, and the error correction tail bit for the signal fields (SF) is contained for the 
parity bit for the signal fields (SF) by 6 bits by 1 bit by 1 bit by 12 bits. 
[0026] 

In the receiving set by ARIB-STD T-71 specification (it is only hereafter written as 
"T-71 "), drawing 1 7 is a flow chart which shows the flow of the processing which 
receives the above-mentioned wireless transfer wave, and to which it restores. 
If an electric wave is detected (Step S1701), a receiving set will acquire a preamble 
and will judge whether the electric wave is an electric wave of T-71 format (Step 
S1702). When a reception radio wave is an electric wave of T-71, it restores to the 
signal field (SF) and it is judged whether the signal field (SF) is the right based on a 
parity bit etc. (Step S1703). 
[0027] 



The signal field (SF) restores to a following data field (DF) further to a right case 
based on the modulation rate of the data field (DF) contained there (Step S1704). 
The recovery of OFDM symbol data which received is continued until a receiving set 
reaches the data length (Length) of the data field (DF) contained in the signal field 
(SF) (Step S1705). 
[0028] 

On the other hand, in the above-mentioned step S1702, when it judges with the 
received electric wave not being an electric wave of T-71 format, the radio field 
intensity of a reception radio wave is measured (Step S1 706), and size with the 
threshold value L1 beforehand set to this radio field intensity is compared (Step 
S1707). When received radio field intensity is more than threshold value L1 , it judges 
that carrier communication is in use, and it stands by until received radio field 
intensity becomes smaller than the threshold value L1 . 
[0029] 

In the above-mentioned step S1703, although the electric wave of the T-71 format 
was received, When it judges with that signal field (SF) having an error, the intensity 
of a reception radio wave is measured (Step S1708), and size with the threshold 
value L2 beforehand set to this radio field intensity is compared (Step S1709). When 
received radio field intensity is more than threshold value L2, it judges that carrier 
communication is in use, and it stands by until received radio field intensity becomes 
smaller than the threshold value L2. 
[0030] 

In the above-mentioned steps S1707 and S1709, in order that a receiving set may 
protect so that a send action may not be caused during carrier communication use, 
it is made not to perform other processings, until received radio field intensity 
becomes smaller than the threshold value L1 or L2. It is because the CSMA/CA 
system is taken, so it is necessary to avoid the collision of wireless transfer data in 
T-71. In a receiving set, while processing Steps S1701-S1709, suppose that a send 
action cannot be performed. 
[0031] 

The threshold values L1 and L2 set up beforehand are different values, and assume 
that it has set up so that it may be set to L1>L2. In order to improve safety more to 
the electric wave of the same communications system, the value of L2 is made 
lower than L1 . 
[0032] 

The specification of the MAC layer used for ARIB-STD T-71 and IEEE802.1 1a is 
indicated to IEEE802.1 1 . As described above, in order to transmit by T-71 , it must 
judge that carrier communication is not used, but it is necessary besides operating 
condition judgment of such a physical carrier to check not being used logically. Time 
to be needed for a series of operations in the packet communication is shown to the 
header of each packet by IEEE802.1 1. Therefore, the equipment which tries to 
transmit by T-71 needs to transmit by checking the logical reservation status. 
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[0033] 

[Problem to be solved by the invention] 

By the way, since it will become possible to increase the number of the data series 
transmitted and received according to the number of an antenna with the same 
frequency band if an SDM system is used as mentioned above, high-speed mass 
communication can be performed compared with the system which does not use an 
SDM system. A radio wave resource can be efficiently used by adjusting the number 
of antennas to be used, and the number of transmitted-and-received-data series 
according to the channel capacity of a radio communications system. 
[0034] 

On the other hand, in the conventional radio communications system, the number of 
the data series transmitted and received in one frequency band is one. For this 
reason, when starting communication, while the sending set sent the radio wave in 
the specific frequency band, the radio wave in the frequency band where a receiving 
set is specific was received, and communication was able to be established by 
restoring to this to data. Of course, in the sending set and the receiving set, in order 
to improve communicative quality, two or more antennas might be used, but it is 
only for this acquiring the gain by a die by city, and a sending set and a receiving set 
did not need to recognize the antenna number used. 
[0035] 

However, in a radio communications system using SDM, At least, transmission and 
reception of two or more data series are attained in one frequency band, and it can 
be transmitted by using two or more antennas in a sending set and a receiving set 
and received [ a theory top can carry out multiplex / of the data series for a 
transmission antenna number /, and ]. Therefore, in a receiving set, it is necessary 
to detect the number of transmission antennas used for a kind and transmission of 
data transmitted from a sending set. This invention tends to provide a radio data 
transmission system and wireless data transceiving equipment this [ whose ] is 
made possible. 
[0036] 

In order to use the above-mentioned SDM-OFDM system by a 5GHz bandwidth, it is 
desirable for there to be a radio communications system and compatibility, such as 
ARIB-STD T-71 which exists from the former, and IEEE802.1 1a. However, a system 
configuration which enables coexistence with a radio communications system of an 
SDM-OFDM system and the conventional radio communications system is not yet 
proposed. 
[0037] 

Therefore, this invention is a radio data transmission system using SDM, and tends 
to provide a radio data transmission system and wireless data transceiving 
equipment provided with compatibility with the conventional radio communications 



system again. 
[0038] 

[Means for solving problem] 

In view of above-mentioned solution SUBJECT, this invention person thought out 
wholeheartedly to a radio data transmission system and wireless data transceiving 
equipment which have the following composition as a result of research. 
Namely, it is a sending set which this invention is provided with two or more 
antennas, and carries out the space division multiple of the data of one or more 
series, and carries out wireless transmission using the same frequency channel, 
Space division multiple control data containing the number of antennas used for 
transmission between said two or more antennas and the number of series of data 
to transmit is generated, and a sending set provided with a means to include this 
space division multiple control data in data of at least 1 series, and to transmit is 
provided. 
[0039] 

This invention is a receiving set which can receive again data by which wireless 
transmission was carried out from the above-mentioned sending set, Said sending 
set acquires the number of antennas used for transmission, and the number of 
series of data to transmit from said space division multiple control data contained in 
received data, It distinguishes whether it is ability ready for receiving for data with 
this number of transmission antennas, and the number of data series, and a receiving 
set provided with a means to transmit a discriminated result to said sending set is 
provided. 
[0040] 

In wireless data transmission using a space division multiple according to a sending 
set and a receiving set of these this inventions, By notifying the available number of 
antennas, and the number of data series, and suiting with a sending set and a 
receiving set, an effect by a space division multiple is made into the maximum, and it 
becomes possible to raise a data transmission rate. 

This invention provides again the radio data transmission system constituted 
including an above-mentioned sending set and receiving set one or more 
respectively. 
[0041] 

In the radio data transmission system of above-mentioned this invention, said 
sending set, When starting data transmission to a receiving set, include the maximum 
number of an antenna usable to transmission, and the maximum number of an usable 
data series in said space division multiple control data, and it transmits, When a 
discriminated result that it is unreceivable with said number of transmission 
antennas and the number of data series is received from said receiving set, what 
reduced each of said number of transmission antennas and the number of data 
series is included in said space division multiple control data, and it transmits. 
[0042] 



A sending set can detect the maximum receivable number of transmission antennas 
and the number of data series in a receiving set by continuing transmitting, reducing 
the number of transmission antennas, and the number of data series until it receives 
a discriminated result with ability ready for receiving from a receiving set. 
[0043] 

In the radio data transmission system of this invention, said sending set is provided 
with a means to modulate send data with an OFDM system and to transmit, and said 
receiving set is provided with a means to restore to received data with an OFDM 
system. 

Typically, a radio data transmission system of this invention carries out the space 
division multiple (SDM) of the sending signal which carried out OFDM modulation 
further, and an SDM-OFDM system which transmits using two or more antennas and 
data series is used for it. 
[0044] 

This invention is provided with an above-mentioned sending set and a receiving set, 
and provides again wireless data transceiving equipment in which transmission and 
reception of wireless data are possible. 

In a radio data transmission system of above-mentioned this invention, said sending 
set and a receiving set transmit as a data packet which added a preamble of ARIB 
STD-T71 system or an IEEE802.1 1a system to said send data which carried out the 
space division multiple. 
[0045] 

Since the same frequency band as a wireless communication system by a space 
division multiple of this invention is used for a wireless communication system of 
these former, by adding a preamble common to a data packet in a system of this 
invention with these, It becomes possible to build the conventional wireless 
communication system and a radio data transmission system which has high 
compatibility. 
[0046] 

In a radio data transmission system of this invention, said sending set, Transmitting 
to the signal field included in a preamble of said data packet including data in which 
a modulation method of said send data which carried out the space division multiple 
is shown, said receiving set restores to received data with a modulation method 
shown in said signal field. 
[0047] 

By this the transceiving equipment of this invention. [ whether the received packet 
data are what is transmitted by the space division multiple system of this invention, 
and ] It becomes possible to carry out reception of whether it is what is transmitted 
by the conventional wireless communication system in the same operation, even if it 
becomes possible to distinguish from the signal field of a packet and is a packet of 
which system. 
[0048] 



In the radio data transmission system of this invention, said sending set transmits to 
the signal field included in the preamble of said data packet further including the 
data in which it is shown whether send data is data based on a space division 
multiple system. 
[0049] 

Thereby, even if it is a case where the data packet by the space division multiple 
system of this invention is received in the transceiving equipment by the 
conventional wireless communication system, it becomes possible about it being a 
packet of the communication method to distinguish from the signal field. What is 
necessary is just to cancel the packet, when it is judged that the data to which it 
cannot restore with the transceiving equipment concerned is contained in a packet. 
[0050] 

In the radio data transmission system of this invention, said sending set transmits to 
the signal field included in the preamble of said data packet further including the 
data in which the data length of send data is shown. 
[0051] 

Transceiving equipment which received such a data packet can recognize correctly 
data length of a data field which continues after a preamble. When a data packet by 
a space division multiple system of this invention is especially received in 
transceiving equipment by the conventional wireless communication system, Since it 
can restore to a following data field and the data length can be correctly recognized 
that there is nothing, it can wait to complete transmission of the data concerned 
and the next transmission and reception operations can be performed. 
[0052] 

In a radio data transmission system of this invention, said sending set adds the 
signal field which contained further data in which a modulation method and data 
length of said send data are shown to a head of said send data, and transmits. 
[0053] 

It becomes unnecessary to use a modulation method and data length of the same 
data by each data series unlike a case where this transmits including data in which a 
modulation method and data length of said send data are shown in a preamble of a 
data packet by the conventional wireless communication system as mentioned 
above. For this reason, it becomes possible to perform data communications of more 
various forms. 
[0054] 

In a radio data transmission system of this invention, said sending set includes MAC 
control information on send data in a data field of a data packet of said ARIB STD- 
T71 system or an IEEE802.1 1a system further, and transmits. 
[0055] 

The data in which the logical operating condition of carrier communication is shown 
is contained in the MAC control information on send data, and according to the 
above-mentioned composition. Also in the transceiving equipment of ARIB STD-T71 



conventional system or an IEEE802.1 1a system, it becomes possible to acquire this 
MAC control information, and it becomes possible to build a more reliable radio data 
transmission system. 
[0056] 

In the radio data transmission system of this invention, said sending set, A part of 
data length of the preamble contained in said data packet is changed with the 
modulation method of send data, and is transmitted, said receiving set identifies the 
modulation method of received data with a part of data length of said preamble, and 
it restores to received data with this modulation method. 
[0057] 

In the radio data transmission system of this invention, said sending set, 
Transmitting to the preamble for propagation path estimates added to the head of 
the send data in said data packet including the data in which the modulation method 
of this send data is shown, said receiving set restores to received data with the 
modulation method shown by said preamble for propagation path estimates. 
It becomes possible to include in a preamble the data in which the modulation 
method of send data is shown, without changing the data of the preamble already 
specified by the conventional system according to these methods. 
[0058] 

[Mode for carrying out the invention] 

Hereafter, an embodiment of the invention is described in detail, referring to an 
accompanying drawing. 

Drawing 1 - drawing 12 are figures which illustrate each embodiment of this 
invention, and in these figures, a portion which attached the same mark expresses 
the same thing, and let these fundamental composition and operations be the same 
things. In each following embodiment, the antenna n [ several ] which transceiving 
equipment has is set to 2, and is also setting to 2 the number of data series 
transmitted and received. A modulation method shall be based on an OFDM system 
like an example quoted by a Prior art. 
[0059] 

[A 1st embodiment] 

Below, it divides into composition and operation in a sending set, and composition 
and operation in a receiving set, and a radio data transmission system concerning a 
1st embodiment of this invention is explained in order. 
[0060] 

Drawing 1 is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system of this embodiment. 

In drawing 1, the sending set of this embodiment comprises the send data generation 
part 101, the space division multiple control data generating section 102, the 
transmission-control circuit 103, the OFDM signal generation parts 1 04A and 104B, 
RF sections 105A and 105B, and the antennas 106A and 106B. 
[0061] 



It is what the send data generation part 101 generates send data, and is outputted 
to the OFDM signal generation parts 104A and 104B, The information data which 
should be transmitted from the upper layer (here, not shown) was received, and it 
has the circuit which generates the signal which processes an error correction etc. 
and can be transmitted in an OFDM format. 
[0062] 

The space division multiple control data generating section 102 outputs the number 
ktx of transmission antennas and k1 data series which are used in communication by 
a space division multiple (SDM) system to the OFDM signal generation part 104B as 
space division multiple control data. The space division multiple control data 
generating section 102 also received the number ktx of transmission antennas, and 
k1 data series from the upper layer, performed processing required for these values, 
and is provided with the circuit outputted as a signal which can be transmitted in an 
OFDM signal format. [ as well as the send data generation part 101 ] In this 
embodiment, both the number ktx of transmission antennas and k1 data series will 
take the value of 1 or 2. 
[0063] 

The transmission-control circuit 103 generates and outputs the data in which the 
number kx of antennas and the number k1x of data series which a sending set 
actually uses are shown. This number kx of antennas and the number k1x of data 
series are values directed from the upper layer like the above ktx and k1, and these 
will take the value of 1 or 2 in this embodiment. 
[0064] 

The OFDM signal generation parts 104A and 1 04B modulate the sending signal 
received from the send data generation part 101 to an OFDM signal, respectively, 
and output it to RF sections 105A and 105B. In the OFDM signal generation part 
104B, the space division multiple control data received from the space division 
multiple control data generating section 102 is multiplexed to a sending signal. 
[0065] 

RF sections 105A and 105B are changed into frequency which actually uses a signal 
modulated in the OFDM signal generation parts 1 04A and 1 04B by radio, and are 
outputted to the antennas 106A and 106B, respectively. The antennas 106A and 
106B carry out wireless transmission of these signals. 
[0066] 

Operation which performs data transmission with a sending set of this embodiment 
constituted as mentioned above is explained. 

First, to communicate using an SDM system, it is necessary to notify beforehand the 
number of antennas and the number of data series which are used for transmission 
to a receiving set. Therefore, in a sending set of this embodiment, it precedes 
performing radio, and the space division multiple control data ktx generated by the 
space division multiple control data generating section 102, i.e., the number of 
transmission antennas, and k1 data series must be first transmitted to a receiving 



set. 
[0067] 

In transmission of this space division multiple control data, since the situation by the 
side of a receiving set is strange, it transmits as ktx=k 1= 2 (each maximum). In this 
case, in a sending set, the space division multiple control data generating section 
102, the OFDM signal generation part 104B, RF section 105B, and the antenna 106B 
will be used, and space division multiple control data will be transmitted to a 
receiving set. 
[0068] 

However, it is not necessary to set the maximum as ktx and k1, and to necessarily 
transmit to them, and what is necessary is just to transmit with the receivable 
number of antennas and the number of data series in the system, when the situation 
of each equipment which constitutes a radio data transmission system is already 
known. 
[0069] 

It is judged whether communication with the number ktx of antennas and k1 data 
series which are contained in the control data concerned is possible for the 
receiving set which received the above-mentioned space division multiple control 
data so that it may mention later. A receiving set according to the same data series 
as having received the above-mentioned control data. When it can communicate by 
the number ktx of antennas, and k1 data series, Ack (Acknowledge: mean that it can 
communicate by the condition), If communication is impossible, Nack (Non- 
Acknowledge: mean that it cannot communicate on the condition) will be transmitted 
to a sending set as reply data. 
[0070] 

When it communicates with the number ktx of antennas and k1 data series which 
transmitted with the above-mentioned control data when Ack was received as reply 
data and Nack is received, a sending set changes the number of antennas, and the 
number of data series into a lower value, and transmits control data again. When a 
receiving set becomes a receiving possible value by repeating this in a value with the 
number ktx of antennas, and k1 data series, a sending set will receive Ack. 
[0071] 

Drawing 2 is a flow chart which shows the flow of the send action of the space 
division multiple control data in a sending set. With the flow chart shown in drawing 2, 
the maximum of the number of antennas in a sending set and the number of send 
data series is not carried out in 2, but it is shown as any value. In order to simplify 
explanation, the case where the number of antennas and the number of data series 
which are used for transmission are the same is shown. 
[0072] 

In the sending set before starting transmission, both the values of kx and k1x are 
set to the transmission-control circuit 1 03 by 1 . In the sending set, in spite of 
having transmitted the space division multiple control data, the parameter Nack 



which shows the number of times which was not able to receive Ack is memorized, 
and 0 is set to the value of Nack as an initial value now. In the space division 
multiple control data generating section 102 of a sending set k1=n shall be set up as 
ktx=n and the number of data series as the number of transmission antennas used 
for data transmission (Step S200). 
[0073] 

First, a sending set assigns the value which subtracted the value of Nack from n to 
the number ktx of transmission antennas set up in the space division multiple 
control data generating section 102. The value which subtracted the value of Nack 
from n is assigned to k1 data series (Step S201). Here, since it is Nack=0, it is still 
ktx=k1=n. After this, it judges whether it is ktx=0, and if it is ktx=0, processing will be 
ended (Step S202). 
[0074] 

Next, a sending set transmits space division multiple control data to a receiving set 
with the number ktx of transmission antennas and k1 data series which are set up in 
the space division multiple control data generating section 102 now (Step S203). 
[0075] 

When Ack is received from a receiving set (Step S204), It judges that communication 
by the number ktx of transmission antennas and k1 data series is possible, and the 
value of ktx is assigned to the number kx of antennas used for communication also 
in the transmission-control circuit 103, and the value of k1 is assigned to the 
number k1x of data series, respectively (Step S206). Then, data communications can 
be started by the above-mentioned conditions (Step S207). 
[0076] 

When Nack is received from a receiving set, or when reply data is not received in 
fixed time (Step S204), the value of Nack is made to increase one time (Step S205), 
and it returns to Step S201. In Step S201, after resetting the number ktx of 
transmission antennas and k1 data series in the space division multiple control data 
generating section 102, unless ktx is 0 (Step S202), space division multiple control 
data is again transmitted to a receiving set. 
[0077] 

Thus, space division multiple control data is transmitted to a receiving set, reducing 
the number ktx of transmission antennas, and k1 data series every [ 1 ], The number 
ktx of transmission antennas and k1 data series in the time of receiving Ack from a 
receiving set are set up as the number kx of antennas used for subsequent 
communications, and the number k1x of data series, and data communications are 
performed, however, a receiving set is non-receipt, when it is set to ktx=0 before 
receiving Ack from a receiving set (Step S202) — or it judges that it does not exist 
and processing is interrupted. 

Thus, by controlling the send action of a sending set, the communication using the 
number of antennas and the number of data series maximum in the range which can 
receive a receiving set is establishable. 



[0078] 

Drawing 3 is a block diagram showing roughly the composition of the receiving set 
used in the radio data transmission system of this embodiment. 
In drawing 3, the receiving set of this embodiment The antennas 301 A and 301 B, It 
comprises RF sections 302A and 302B, the OFDM signal receiving circuits 303A and 
303B, the space division multiple control data analysis circuit 304, the reception- 
control circuit 305, the SDM treating part 306, and the received-data treating part 
307. 
[0079] 

RF sections 302A and 302B are provided with the RF circuit changed into the 
frequency band which can carry out digital processing of the RF signal received from 
the sending set by wireless data transmission. 

The OFDM signal receiving circuits 303A and 303B are provided with the circuit for 
performing OFDM recovery processing to the input signal by which frequency 
conversion was carried out in RF sections 302A and 302B. The OFDM signal 
receiving circuit 303B extracts again the space division multiple control data 
contained in an input signal, and outputs it to the space division multiple control 
data analysis circuit 304. 
[0080] 

The space division multiple control data analysis circuit 304 analyzes the space 
division multiple control data received from the OFDM signal receiving circuit 303B, 
and outputs the result to the reception-control circuit 305. Specifically, ktx and k1 
which are contained in space division multiple control data shall be detected and 
outputted. 
[0081] 

The reception-control circuit 305 controls the OFDM signal receiving circuits 303A 
and 303B and the SDM treating part 306 based on the space division multiple 
control data received from the space division multiple control data analysis circuit 

304. Although based on a predetermined algorithm about the method of this control, 
it explains in detail later. 

[0082] 

The reception-control circuit 305 outputs the signal which controls again the 
number kx of antennas and the number k1x of data series which are used for data 
receiving in a receiving set like the transmission-control circuit 103 of the sending 
set shown in drawing 1 . 

The received-data treating part 307 is provided with a circuit which performs 
required processing of an error correction etc. to an input signal to which it restored. 
[0083] 

According to this embodiment, when set to kx=k1x=1 in the reception-control circuit 

305, the antenna 301 B, RF section 302B, the OFDM signal receiving circuit 303B, 
and the received-data treating part 307 perform receiving operation. When set to 
kx=k1x=2 in the reception-control circuit 305, The antenna 301 A, RF section 302A, 



and the OFDM signal receiving circuit 303A, After processing an input signal by two 
data series with the antenna 301 B, RF section 302B, and the OFDM signal receiving 
circuit 303B, in the SDM treating part 306, an OFDM signal from these two data 
series is compounded, and it processes by the received-data treating part 307. a 
compositing process of an OFDM signal in the SDM treating part 306 — the above - 
- the same inverse-matrix arithmetic circuit shall perform as a Prior art explained 
[0084] 

Although the number of receiving antennas and the number of data series in a 
receiving set as well as a sending set are also set to two in drawing 3, this 
embodiment is not limited to this and can use a receiving set provided with arbitrary 
numbers of the numbers of receiving antennas, and the number of data series. 
[0085] 

Drawing 4 is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the above-mentioned receiving set. With the 
flow chart shown in drawing 4, the maximum of the number of antennas and the 
number of send data series which are used in a receiving set is not carried out in 2, 
but it is shown as any value krxa. In order to simplify explanation, the case where 
the number of antennas and the number of data series which are used for reception 
are the same is shown. 
[0086] 

In the receiving set before a data receiving start, both the numbers kx of antennas 
and numbers k1x of data series that are used for reception are set as 1 in the 
reception-control circuit 305 (Step S300). If space division multiple control data is 
received from a sending set, this will be analyzed in the space division multiple 
control data analysis circuit 304, and the value of ktx and k1 which are contained in 
data will be acquired (Step S301). 
[0087] 

The reception-control circuit 305 compares the value of ktx and k1 with the value of 
krxa (Step S302). In this example, since the value of ktx and k1 is equal, the value of 
k1 is used for comparison. 

In Step S302, in being k1 <=krxa, Since reception with the number of antennas and 
the number of data series which are shown by ktx and k1 will be possible, While 
transmitting Ack to a receiving set (Step S303), in the reception-control circuit 305, 
the value of ktx and k1 is assigned to the number kx of antennas and the number 
k1x of data series which are used for reception, respectively (Step S304). Since data 
transmission is started by the number ktx of antennas, and k1 data series from a 
sending set after transmitting Ack, this is receivable (Step S305). 
[0088] 

In Step S302, since reception with the number of antennas and the number of data 
series which are shown by ktx and k1 will be impossible when it is k1>krxa, 
processing is ended, without transmitting Nack to a receiving set or operating at all. 
[0089] 



Thus, by controlling the receiving operation of a receiving set, it can cooperate with 
the send action of the above-mentioned sending set, and the communication using 
the number of antennas and the number of data series maximum in the usable range 
can be established between a sending set and a receiving set. 
[0090] 

Although the example which constituted from the above the sending set and 
receiving set which are used in the radio data transmission system of this 
embodiment as separate equipment was shown, using as transceiving equipment 
which unified these is also possible. 
[0091] 

[A 2nd embodiment] 

Drawing 5 is a figure showing roughly the composition of the radio data transmission 
system concerning a 2nd embodiment of this invention. In drawing 5, the radio data 
transmission system of this embodiment comprises the transceiving equipment A, 
the transceiving equipment B, and the transceiving equipment C. 
[0092] 

The transceiving equipment A and the transceiving equipment B are transceiving 
equipment of the SDM-OFDM system same with having been shown in a 1st 
embodiment, and are provided with two antennas and the digital disposal circuit (not 
shown) of two series, respectively. On the other hand, the transceiving equipment C 
is transceiving equipment which operates with the radio communications system 
which uses the conventional 5GHz bandwidths, such as ARIB-STD T-71 and 
IEEE802.1 1a, and performs radio using a 5GHz bandwidth altogether. 
[0093] 

This embodiment explains taking the case of a case where the transceiving 
equipment C is a thing of ARIB-STD T-71 specification, as shown in drawing 5. As 
shown in drawing 5, between the transceiving equipment A and the transceiving 
equipment B, it is possible to also perform radio by T-71 [ besides radio by an SDM- 
OFDM system ] system, but. Between the transceiving equipment A or the 
transceiving equipment B, and the transceiving equipment C, only radio by T-71 
system shall be performed. 
[0094] 

In a radio data transmission system of this embodiment constituted as mentioned 
above, how to communicate while transceiving equipment of an SDM-OFDM system 
has conventional transceiving equipment and compatibility of T-71 system which use 
a 5GHz bandwidth is explained. 
[0095] 

Here, the case where data communications are performed to the transceiving 
equipment B from the transceiving equipment A is considered. As shown in drawing 
5, as for the transceiving equipment A, the transceiving equipment B can perform 
data communications using two antenna TRxB_Ant_a and TRxB_Ant_b using two 
antenna TRxA_Ant_a and TRxA_Ant_b. 



[0096] 

Drawing 6 is a figure showing roughly the composition of the packet transmitted to 
the transceiving equipment B from the transceiving equipment A in the radio data 
transmission system of this embodiment. In drawing 6, the packet by which the 
packet to which fromTRxA_Ant_a is transmitted from antenna TRxA_Ant_a of the 
transceiving equipment A is transmitted to from TRxA_Ant_b from antenna 
TRxA_Ant_b is shown. 
[0097] 

About the field B, C, and SF in each packet shown in drawing 6, it shall be the same 
as that of the thing of the conventional technology shown by drawing 15, and shall 
be generated according to ARIB-STD T-71 specification. DF (a) and DF (b) are data 
fields, and are the same as that of DF shown in drawing 15. In this embodiment, how 
to assign send data every 2 [ 1/] to DF (a) and DF (b), respectively, and assign shall 
be based on arbitrary methods. It adds to the field B, C, and SF, and the preamble D 
for propagation path estimates for SDM-OFDM and D' are included in the preamble 
of each packet, respectively. 
[0098] 

Since the field B, C, and SF is the completely same data in two packets shown in 
drawing 6, The transceiving equipment A and B does not necessarily need to 
transmit these data from both antennas, for example, it may be made to transmit 
only from antenna TRxA_Ant_a about the data of the field B, C, and SF. 
[0099] 

In the transceiving equipment B which received these packets, it can restore to the 
data contained in these packets by carrying out signal processing even of the field B, 
C, and SF in the mode of T-71, and carrying out signal processing of the field after it 
in the mode of SDM first. 
[0100] 

Even when the transceiving equipment C receives these packets, up to the field B, 
C, and SF, signal processing can be performed and it can restore to data. 
[0101] 

About the data contained in SF of two packets shown in drawing 6, it is the same as 
that of the thing of the conventional technology shown in drawing 16. That is, SF 
comprises 24-bit data and the data which the data in which the modulation method 
(Rate) of DF is shown shows the length of DF by 4 bits is contained by 12 bits. 
[0102] 

Since 4 bits of data in which the modulation method of DF is shown are assigned, 16 
kinds of modulation methods can be specified at the maximum. However, by T-71, 
only the actual condition and eight kinds of modulation methods are used, and any 
modulation methods other than these are not specified. 1/2, 2/3, and 3/4 are 
specifically defined as a modulation method as four kinds, BPSK, QPSK, 1 6QAM, and 
64QAM, and a coding rate of an error correcting code, and the transmission rate of 
DF is decided by such combination. 



[0103] 

Since the number of data series used for transmission and reception is 1 in T-71, if 
the modulation method of the eight above-mentioned kinds of DFs is expressed in 
the form of a transmission rate (a modulation method, a coding rate, the number of 
data series), 6Mbps (BPSK, 1/2, 1), 9Mbps (BPSK, 3/4, 1), It is set to 12Mbps 
(QPSK, 1/2, 1), 18Mbps (QPSK, 3/4, 1), 24Mbps (16QAM, 1/2, 1), 36Mbps (16QAM, 
3/4, 1), 48Mbps (64QAM, 2/3, 1), and 54Mbps (64QAM, 3/4, 1). 
[0104] 

In Rate of above-mentioned SF, 1 1 01 , 1 1 1 1 , 01 01 , 01 1 1 , 1 001 , 1 01 1 , 0001 , and 001 1 
are assigned according to the above-mentioned order, respectively as bit data in 
which the modulation method of these eight kinds of DFs is shown. 
[0105] 

In this embodiment, further Rate of SF as a modulation method of DF in 
communication with SDM-OFDM mode, 12Mbps (BPSK, 1/2, 2), 18Mbps (BPSK, 3/4, 
2), 24Mbps (QPSK, 1/2, 2), 36Mbps (QPSK, 3/4, 2), Eight kinds of 48Mbps (16QAM, 
1/2, 2), 72Mbps (16QAM, 3/4, 2), 96Mbps (64QAM, 2/3, 2), and 108Mbps (64QAM, 
3/4, 2) are included. The number of data series used for transmission and reception 
with SDM-OFDM mode is set to 2. 
[0106] 

As bit data in which a modulation method of DF used in these SDM-OFDM mode is 
shown, 1 1 00, 1 1 1 0, 01 00, 01 1 0, 1 000, 101 0, 0000, and 001 0 are assigned according to 
the above-mentioned order. As compared with assignment of bit data to a 
modulation method of DF in the T-71 above-mentioned mode, these. Top 3 bits is 
common, and the things with same modulation method and coding rate are assigned 
so that 1 bit of low ranks may change with T-71 mode or SDM-OFDM modes. For 
this reason, the number of data series used for transmission and reception can be 
judged from 1 bit of low ranks of bit data. 
[0107] 

Although the number of data series is different when the transmission rate by the 
modulation method in T-71 mode and each SDM-OFDM mode is compared in the 
above, there is combination to which a transmission rate becomes the same. For 
example, they are 12Mbps (QPSK, 1/2, 1), 12Mbps (BPSK, 1/2, 2), etc. Thus, since 
the propagation environment for which it was suitable with the number of send data 
series differs even if the transmission rate overlaps in two or more modulation 
methods, it cannot generally be said that it is useless. However, in order to use 
effectively the small number of bits assigned in SF, the assignment which produces 
such duplication cannot be said to be the optimal thing. 
[0108] 

In order to assign the bit data in which the modulation method of DF in SF is shown 
efficiently to various modulation methods, If the number of data series uses the 
modulation method of few directions preferentially when a transmission rate 
becomes the same between different modulation methods, the transmitting and 



receiving processing of data also becomes easy, and is effective also for reduction 
of the power consumption in transceiving equipment. It is made not to assign this bit 
data and may be made to assign a modulation method with many data series by a 
substitute about the modulation method of a direction with many data series among 
the overlapping modulation methods. 
[0109] 

In the above, for example, 12Mbps in SDM-OFDM mode (BPSK, 1/2, 2), 18Mbps 
(BPSK, 3/4, 2), 24Mbps (QPSK, 1/2, 2), To 36Mbps (QPSK, 3/4, 2) and 48Mbps 
(16QAM, 1/2, 2), bit data in inside of SF are not assigned, It can replace with this 
and bit data can be assigned to 144Mbps (64QAM, 2/3, 3) with more data series, 
162Mbps (64QAM, 3/4, 3), etc. 
[0110] 

In the transceiving equipment B which, on the other hand, received a packet shown 
in drawing 6, a bit pattern which shows a modulation method of DF contained in SF 
is detected. In the above-mentioned example, when 1 bit of low ranks of a bit 
pattern are 1, it judges that it is T-71 mode, and in being 0, it judges that it is in 
SDM-OFDM mode. Since the number of data series is two or more, in the case of 
SDM-OFDM mode, the preamble D for propagation path estimates contained in a 
packet and D' are acquired, and propagation path estimate for restoring to an input 
signal with SDM-OFDM mode is carried out to it. It receives as data of a modulation 
method by a SDM-OFDM mho also about DF. 
[0111] 

In the transceiving equipment A and B which can perform wireless data transmission 
with both T-71 mode and SDM-OFDM mode as mentioned above, drawing 7 is a flow 
chart which shows a flow of operation at the time of receiving wireless data. In 
drawing 7, about processing from Step S701 to S709, since it is the same as that of 
the conventional receiving set shown in drawing 1 7, explanation is omitted here. 
[0112] 

The transceiving equipment A and B which received a packet shown in drawing 6 in 
this embodiment, If data which this packet contains a preamble of T-71 system, and 
is contained in SF in that preamble judges with the right, Bit data in which a 
modulation method of DF furthermore contained in SF is shown are detected, and it 
is judged whether it is transmitted in that this packet is transmitted in SDM-OFDM 
mode, or T-71 mode (Step S71 1). The judging standard and method are as having 
described above. 
[0113] 

The transceiving equipment A and B restores to the data contained in DF with an 
SDM-OFDM system, when it judges with a receive packet being transmitted in 
SDM-OFDM mode (Steps S712 and S713). About this recovery processing, it is 
considered as the same thing as the processing in the above-mentioned sending set 
and receiving set of a 1st embodiment. 
[0114] 



By the way, when the packet shown in drawing 6 in the transceiving equipment C 
shown in drawing 5 is received, the reception only of the packet transmitted in T-71 
mode can be carried out. That is, in drawing 7, a series of processings of Steps 
S701-S705 can be performed. However, when what shows SDM-OFDM as a bit 
pattern which shows the modulation method of DF in SF is contained, the data 
besides regulation is contained in SF — since it becomes, it judges that SF has an 
error in Step S703, and progresses to processing of Step S708. 
[0115] 

When received radio field intensity is more than [ predetermined ] threshold value L2 
in Step S709 at this time, it can judge that T-71 carrier communication is in use, 
and the transceiving equipment C cannot perform a send action. 
[0116] 

In the radio data transmission system of this embodiment. The information for 
identifying these using the same preamble in T-71 system and an SDM-OFDM 
system, Since it has composition included in SF as bit data in which the modulation 
method of DF is shown, even if the transceiving equipment of T-71 system and the 
transceiving equipment of an SDM-OFDM system are intermingled in a system, 
wireless data transmission can be performed among these. 
[0117] 

[A 3rd embodiment] 

In the radio data transmission system of a 2nd embodiment, the transceiving 
equipment C of T-71 system. Since SF in a packet is normally unacquirable even if 
it receives the packet of an SDM-OFDM system, there is no other way but to 
measure [ a means to judge the operating condition of carrier communication when 
radio is performed by the SDM-OFDM system ]. Thus, when the operating condition 
of a carrier is judged only based on received radio field intensity, even if an electric 
wave is under reception in other transceiving equipment, there is a problem that a 
send action may be performed without the ability to distinguish this. 
[0118] 

In a radio data transmission system of a 2nd embodiment. As a method of 
distinguishing a signal by T-71 system, and a signal by an SDM-OFDM system, Bit 
data in which a modulation method (are they T-71 system or an SDM-OFDM 
system?) of DF is shown in SF of a transmitting packet are included, and suppose 
transceiving equipment which received this that it is based on these bit data and a 
packet by a system of a gap is judged. 
[0119] 

On the other hand, according to this embodiment, it is characterized by using a 
reserve bit (Reserve in drawing 1 6) contained in SF of a packet. Suppose that 0 is 
specifically assigned to a reserve bit when a packet is what is depended on T-71 
system, and it assigns 1 in being what is depended on an SDM-OFDM system. In 
addition, a radio data transmission system and transceiving equipment of this 
embodiment shall be constituted like a thing of a 2nd embodiment, and shall operate 



similarly. 
[0120] 

Since it can be recognized as it being a packet of an SDM-OFDM system if it 
detects by this that Reserve of SF is 1 even if transceiving equipment of T-71 
system is a case where a packet of an SDM-OFDM system is received, Even if data 
besides regulation is contained in SF, it does not judge that it is an error, but time 
for data length of DF and a waiting state which does not perform transmission and 
reception can be maintained. 
[0121] 

By the way, in the radio data transmission system of a 2nd embodiment, it has 
transmitted including the bit data (Length in drawing 16) in which the data length of 
DF is shown in SF of a transmitting packet. Since the modulation method of DF 
cannot be recognized even if the transceiving equipment C of T-71 system is able 
to acquire Length from SF of the packet of an SDM-OFDM system which received, 
The time which reception of a data part including the preamble and DF for SDM- 
OFDM takes can be recognized correctly. 
[0122] 

Therefore, although the transceiving equipment of T-71 system can recognize that a 
receive packet is a packet of an SDM-OFDM system by using Reserve of SF as 
mentioned above, standby time until transmission and reception of the packet 
concerned are completed cannot be judged. In order to cope with this, with the 
transceiving equipment of T-71 system, the time which packet sending and receiving 
takes based on the value of Length acquired from SF of the packet of an SDM- 
OFDM system is estimated, and it is possible to make this into standby time. 
[0123] 

Data communications are considered that standby time which the above estimated 
an SDM-OFDM system from ****** at high speed compared with T-71 system will 
generally become longer than time which actual transmission and reception usually 
take. In this case, after actual transmission is completed, in spite of not transmitting 
an electric wave, there is a period which becomes that transceiving equipment is a 
receive state with as, electric power will be consumed vainly and also timing of 
transmission will be overdue. 
[0124] 

On the other hand, when the estimated above-mentioned standby time becomes 
shorter than time which actual transmission and reception take, transceiving 
equipment operates electric wave detection again (Step S1701 of drawing 17), but. 
Since a preamble of T-71 is undetectable in a reception radio wave, an operating 
condition of carrier communication is judged based on received radio field intensity, 
and it will be in a state (Steps S1 706-S1 707 of drawing 1 7) of waiting for opening of 
carrier communication. However, although it turns out that data communications of 
T-71 system (however, SDM-OFDM modulation is further carried out after a 
preamble) are performed at this time, As shown in drawing 17, the judging standard 



L1 of received radio field intensity at the time of judging that a reception radio wave 

is not T-71 system will be used. 

[0125] 

Therefore, in the wireless data transmission system of a 2nd embodiment. Since the 
above inconvenience arises in the transceiving equipment by T-71 system, there is a 
problem that data communications are not performed efficiently especially under the 
situation where the transceiving equipment by T-71 system and the transceiving 
equipment by an SDM-OFDM system are intermingled. 
[0126] 

So, in this embodiment, it is further characterized by transmitting to Length in SF 
including the data length which applied the data length of DF, and the data length of 
the preamble D for propagation path estimates, and D' about the packet which 
transmits in SDM-OFDM mode. Here, the data length of the preamble D for 
propagation path estimates to add and D' shall be the data length according to the 
time required when the modulation method used for transmission of the packet 
concerned receives. 
[0127] 

Thus, by including in SF the data according to the preamble D for propagation path 
estimates which becomes redundant to the packet of T-71 system among the 
packet of an SDM-OFDM system, and the actual receiving time of D' which is shown 
as for data length, and transmitting, Even if the transceiving equipment by T-71 
system is a case where the packet of an SDM-OFDM system is received, it 
becomes possible to recognize the packet length correctly. Therefore, what is 
necessary is just to change the period equivalent to the packet length concerned 
into the waiting state. 
[0128] 

A concrete example is shown below. A case where the number of send data series 
transmits from an antenna of 2 and both sides and receives 100 bytes of data (a 
total of 200 bytes) by 16QAM R=3/4 with an SDM-OFDM system is considered (in 
transmitting and receiving by T-71 system). 1 6QAM R = 18 bytes of data can be 
transmitted and received by 1 OFDM symbol three fourths. Let time which 
transmission and reception of the preamble D for propagation path estimates of 
SDM-OFDM and D' take be 2 OFDM-symbol time. 
[0129] 

At this time, set 2 to Rate of SF as a modulation method of DF as 1 6QAM R=3/4, 
and the number of send data series, and to Length. Bit data equivalent to 136 bytes 
which is a value adding 100 bytes which is the data length of DF, and the 2x18=36 
byte (2 OFDM-symbol time) which is the data length of the preamble D for 
propagation path estimates and D' are set up. Reserve (reserve bit) of SF is set as 
one. 
[0130] 

In [ if it was set up in this way and transmitted and packet reception of the 



transceiving equipment of an SDM-OFDM system is carried out ] SF in a packet, It 
detects that Reserve is one, that data length is set as 1 36 bytes by Length, and that 
a modulation method is set as 1 6QAM R=3/4 by Rate. By modulation method 
16QAM R=3/4, transceiving equipment can be judged to be 18 bytes by which data 
length of the preamble D for propagation path estimates and D' is equivalent to a 
part for 2 OFDM-symbol time, and can be computed as data length of DF is 100 
bytes. It judges that data length of SDM-OFDM is total and is 200 bytes since the 
number of data series is 2 by Rate of SF, and restores to an input signal such. 
[0131] 

On the other hand, when the transmitting packet of the above [ the transceiving 
equipment of T-71 system ] is received, In SF in a packet, it detects that Reserve is 
one, that data length is set as 136 bytes by Length, and that the modulation method 
is set as 16QAM R=3/4 by Rate. Since it can recognize that transceiving equipment 
contains the data which cannot restore to a packet since Reserve is 1, judgment 
that SF has an error is not made. Since it turns out that data length including a part 
for the preamble D for propagation path estimates and D' is 136 bytes, transceiving 
equipment can maintain the period equivalent to this, and the waiting state which 
does not perform transmission and reception. 
[0132] 

[A 4th embodiment] 

In the radio data transmission system of a 2nd above-mentioned embodiment and a 
3rd embodiment, In transmitting and receiving data using two antennas and two data 
series with an SDM-OFDM system, send data was divided into two in the 
transmitting side, and it has specified it that each is included in DF (a) and DF (b) of 
a transmitting packet, and it transmits. These two DFs are the same data length, and 
they are to become irregular with the same modulation method and to be 
transmitted. 
[0133] 

However, it is convenient if two different data in these two data series can also be 
transmitted. In this case, although data length of DF (a) and DF (b) does not 
necessarily become equal, in a radio data transmission system of a 2nd embodiment 
and a 3rd embodiment, it needs to make the same data length of DF (a) and DF (b), 
and needs to transmit. DF (a) and DF (b) cannot be modulated with a different 
modulation method, and it cannot transmit, either. 
[0134] 

A radio data transmission system concerning a 4th embodiment of this invention 
transmits and receives data by packet composition specified in order to cancel such 
inconvenience. Except for this packet composition, it is considered as a thing of a 
2nd embodiment and a 3rd embodiment, and same thing about composition and 
operation of transceiving equipment used for a radio data transmission system of 
this embodiment, and this. 
[0135] 



Drawing 8 is a figure showing roughly packet composition of data of an SDM-OFDM 
system transmitted and received in a radio data transmission system of this 
embodiment. In a packet shown in drawing 8, about the field B, C, and SF, D, and D\ 
since it is the same as that of what is shown in drawing 6, explanation is omitted 
here. 
[0136] 

In packet composition in this embodiment, the feature of inserting the signal fields 
SF (a) and SF (b) is carried out, respectively between the propagation path estimate 
symbol D of an SDM-OFDM system, and D' and DFs (a) (b). SF (a) and SF (b) 
contain data in which a modulation method (Rate) and data length (Length) of DF (a) 
and DF (b) are shown, respectively. This packet includes information which shows 
whether it is what is depended on an SDM-OFDM system in Reserve of SF like a 
2nd embodiment and a 3rd embodiment. Also in Length of SF, it is preferred that the 
same data as a 2nd embodiment or a 3rd embodiment is included. 
[0137] 

By this transceiving equipment of an SDM-OFDM system which received these 
packets, First, if it recognizes that a receive packet contains data of an SDM-OFDM 
system by Reserve of SF, based on following SF (a) and SF (b), recovery processing 
of data contained in DF (a) and DF (b) can be performed further. In this way, two 
packets containing different data are transmitted and received according to a data 
series different, respectively, in a receiver, recovery processing which became 
independent to each packet can be performed, and data can be acquired. 
[0138] 

In this embodiment, since it constitutes like conventional SF shown in drawing 1 6, a 
format of SF (a) and SF (b) can be processed as usual in transceiving equipment of 
this embodiment. For this reason, in using this embodiment, it is not necessary to 
decide new specification at all. 

When transceiving equipment of T-71 system receives a packet of this embodiment, 

it shall process like a 2nd embodiment and a 3rd embodiment. 

[0139] 

[A 5th embodiment] 

Although a physical operating condition of carrier communication can be checked by 
measuring a reception radio wave in transceiving equipment in the above 2nd - a 4th 
embodiment, a logical operating condition of carrier communication cannot be 
checked by this method. In an SDM-OFDM system, since inside of MAC control 
information is included in a data field of a packet and data in which a reserved period 
of a medium which is needed for a series of communications is shown is contained in 
this MAC control information, this data shows a logical operating condition of carrier 
communication. 
[0140] 

However, in the transceiving equipment which performs only radio by T-71 system, 
since it cannot restore to the data field of the packet by an SDM-OFDM system, 



the logical operating condition of carrier communication cannot be checked. 
However, in order to stabilize the radio data transmission system of this invention 
more and to operate, also in the transceiving equipment which performs only radio 
by T-71 system, it is preferred that the logical operating condition of carrier 
communication is acquirable from this MAC control information. 
[0141] 

Then, it is characterized by performing **** communication for packets constituted 
from a wireless data communication system concerning a 5th embodiment of this 
invention so that the MAC control information included in the packet of an SDM- 
OFDM system also with the transceiving equipment of T-71 system could be 
received. Except for this packet composition, it is considered as the 2nd - the thing 
of a 4th embodiment and the same thing about the composition and operation of the 
transceiving equipment used for the radio data transmission system of this 
embodiment, and this. 
[0142] 

Drawing 9 is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
of this embodiment. In the packet shown in drawing 9, since it is the same as that of 
the field B, C, and SF, D, D', and the thing shown in drawing 6 and drawing 7 about 
SF (a) and SF (b), explanation is omitted here. 
[0143] 

In the packet shown in drawing 9, it uses as a flag which shows whether this packet 
is an SDM-OFDM system about Reserve (reserve bit) of SF, or it is T-71 system 
like the above-mentioned 3rd - a 4th embodiment. Length of SF contains the data in 
which length is shown. DF includes only MAC control information as data. DF (a) and 
DF (b) contain the transmission data except MAC control information, respectively. 
[0144] 

The transceiving equipment of the SDM-OFDM system which received the packet of 
such composition, While restoring to B in a packet, C, SF, and DF by T-71 system, 
based on the value of Reserve in SF, it restores to D, D', SF (a), SF (b), DF (a), and 
DF (b) with an SDM-OFDM system. 
[0145] 

The transceiving equipment of T-71 system which received the above-mentioned 
packet restores to B in a packet, C, SF, and DF by T-71 system. Although 
transmission data is not contained in DF, since MAC control information is included, 
thereby, transceiving equipment becomes possible [ recognizing the logical thing 
operating condition of carrier communication ]. 
[0146] 

[A 6th embodiment] 

The radio data transmission system concerning a 6th embodiment of this invention 
is characterized by the number of send data series being identifiable with the 
preamble pattern in a packet. Except for this packet composition, it is considered as 



the thing of each of above-mentioned embodiments, and the same thing about the 
composition and operation of the transceiving equipment used for the radio data 
transmission system of this embodiment, and this. 
[0147] 

Drawing 10 is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
of this embodiment. The packet shown in the upper row of drawing 10 is a packet 
transmitted when the number of send data series is 1, and the packet shown in the 
lower berth is a packet transmitted when the number of send data series is 2. 
Among these packets, since it is the same as that of C, SF, DF, D, D\ and the thing 
shown in drawing 6 and drawing 7 about DF (a) and DF (b), explanation is omitted 
here. 
[0148] 

A packet shown in the upper row of drawing 10 is the same composition as a packet 
by T-71 conventional system, and is ability ready for receiving also in which 
transceiving equipment of T-71 system and an SDM-OFDM system. As the whole, a 
cycle is TB and the preamble B of this packet is generated by repeating the signal b 
of an equal pattern of periodic Tb 10 times. 
[0149] 

On the other hand, in a packet shown in the lower berth of drawing 10, the preamble 
B is twice the length of a packet shown in the upper row, namely, it is generated by 
repeating the signal b of an equal pattern of periodic Tb 20 times. Here, although the 
length of the preamble B of a packet shown in the lower berth is made into what 
[ twice ] is shown in the upper row, this is only an example of 1 composition of a 
packet, and the length of the preamble B can be set as any value in this embodiment. 
[0150] 

The transceiving equipment of T-71 system and an SDM-OFDM system, If the signal 
having contained each of above-mentioned packets is received, the signal with 
which only period Tb delayed the input signal is generated, correlation with this 
signal delay and input signal is taken, and detection of the existence of a signal and 
detection of receiving timing are performed from the pattern of this correlation. Here, 
the correlation between two signals means the similarity of the complex signal which 
the above-mentioned signal delay and each input signal contain. Complex 
multiplication of the amplitude of the complex signal which both signals contain is 
specifically carried out, and the value with which it integrated between period Tb is 
made into the correlation value. 
[0151] 

Drawing 1 1 is a figure showing the output wave of the correlation value which is 
computed as mentioned above and outputted from the preamble signal of each 
packet shown in drawing 10. The upper row of drawing 1 1 is a waveform outputted 
as a correlation value of the packet shown in the upper row of drawing 10. Since the 
preamble B of this packet repeats the signal b of periodic Tb 1 0 times and is 



generated, if correlation with that signal delay is taken, a correlation value will 
become large between period 9xTb mostly. The lower berth of drawing 1 1 is a 
waveform outputted as a correlation value of the packet shown in the lower berth of 
drawing 10, and it becomes mostly in between like the above period 1 9xTb [ the 
correlation value with the signal delay ] greatly. 

In the wave form chart shown in drawing 1 1 , since it has ignored about various kinds 
of noise components, it is a linear waveform. Correlation will be strong, so that time 
is taken along a horizontal axis, both the figures of the upper row and the lower 
berth have taken the correlation value along the vertical axis and the value of a 
correlation value is large. 
[0152] 

As shown in drawing 1 1 , in the transceiving equipment of T-71 system and an SDM- 
OFDM system, the fixed threshold value is set up to the correlation value detected 
from an input signal. Transceiving equipment can detect the period Tcor when the 
correlation value of the received preamble signal exceeds this threshold value, and 
can identify the kind of input signal now based on this. 
[0153] 

For example, the transceiving equipment B shown in drawing 5 in order to receive 
the packet by the both sides of T-71 system and an SDM-OFDM system in the 
receiving set B. It constitutes so that it may operate as transceiving equipment of 
T-71 system, in the period Tcor when the correlation value of the received preamble 
signal exceeds a predetermined threshold value is computed, operating as 
transceiving equipment of an SDM-OFDM system in being Tcor>15xTb, and being 
Tcor<=15xTb. It judges appropriately whether it is that by which a receive packet 
twists transceiving equipment to T-71 system by this, or it is what is depended on 
an SDM-OFDM system, and it becomes possible to operate as transceiving 
equipment by the system of the applicable one. Here, although it is making into the 
boundary condition whether for Tcor to exceed 15xTb as a standard which judges 
the communication method of a receive packet, any value can be set up with the 
threshold value over a correlation value. 
[0154] 

On the other hand, since the transceiving equipment C shown in drawing 5 is 
conventional transceiving equipment only for T-71 system, it does not have the 
function to judge the communication method of the above receive packets, but the 
packet of T-71 system as shown in the upper row of drawing 10 is received, and, 
naturally it can get over. When the transceiving equipment C receives the packet of 
the SDM-OFDM system shown in the lower berth of drawing 10, Although restoring 
to transmission data is unreceivable, since the preamble pattern of a packet is 
common to T-71 system, Even if it is possible to detect a reception radio wave and 
the packet of the above SDM-OFDM systems is transmitted and received in the 
radio data transmission system as shown in drawing 5, it does not have an adverse 
effect to a system. 



[0155] 

As described above, by a number of a transmission antenna used in an SDM-OFDM 
system. By changing a preamble pattern of a transmitting packet, it becomes 
possible to develop a system of an SDM-OFDM system on a radio data transmission 
system of T-71 system by which actual condition employment is carried out. 
[0156] 

[A 7th embodiment] 

A radio data transmission system concerning a 7th embodiment of this invention is 
characterized by constituting so that a communication method of a receive packet 
can be identified by a preamble for SDM-OFDM propagation path estimates in a 
packet in equipment of a receiver. 
[0157] 

Drawing 12 is a figure showing roughly an example of composition of a packet of an 
SDM-OFDM system used in a radio data transmission system of this embodiment. In 
a packet shown in drawing 12, B, C, and SF shall be constituted like a packet by T- 
71 conventional system. Therefore, composition which includes data for identifying a 
communication method of a packet in Rate and Reserve of SF like each above- 
mentioned embodiment, or shows a communication method with data length of B is 
not taken. 
[0158] 

In drawing 12, the preamble D for SDM-OFDM propagation path estimates and D' 
contain data called D1, D2 and D1, and -D2, respectively. D1 is data contained in 
common with a head of D and D', and a receiving set becomes possible [ identifying ] 
about data of an SDM-OFDM system following below with this data. For example, 
what is necessary is just to constitute in a receiving set, so that it may have 
correlator which computes a correlation value, when the same waveform as D1 is 
received. 
[0159] 

It operates correlator and detects whether a signal following SF has waveform D1 
and correlation while restoring to B, C, and SF with T-71 system, if a receiving set 
of an SDM-OFDM system is received [ a packet shown in drawing 12 ]. When 
correlation is detected (a correlation value computed by correlator exceeds a 
predetermined threshold value), it judges that data following below is data of an 
SDM-OFDM system, and restores to DF (a) or DF (b) using a propagation way 
procession presumed by D1 and D2 (- D2). 
[0160] 

It becomes possible to generate, transmit and receive a packet of an SDM-OFDM 
system, without adding change to data of SF already defined by T-71 according to 
packet composition shown in drawing 12, and composition of the above receiving 
sets. 
[0161] 

In a radio data transmission system of this embodiment. Since a waveform of an 



OFDM symbol of the beginning of DF following SF is in agreement with D1 by chance 
or has high correlation even if it is a case where a packet of T-71 system is 
received, It may happen to judge this packet to be a packet of an SDM-OFDM 
system accidentally in a receiving set. What is necessary is just to insert Null (non- 
signal state), for example between SF, and the preamble D for propagation path 
estimates of an SDM-OFDM signal or D', in order to avoid such a detection error. 
About composition and operation of transceiving equipment used for a radio data 
transmission system of this embodiment, and this except for component part 
explained in the above, it is the same as that of a thing of conventional technology. 
[0162] 

As mentioned above, although the concrete embodiment was shown and described 
about the radio data transmission system and wireless data transceiving equipment 
of this invention, this invention is not limited to these. If it is a person skilled in the 
art, it is possible to add various change and improvement to the composition and the 
function of invention which are applied within limits which do not deviate from the 
summary of this invention at each above-mentioned embodiment or other 
embodiments. 
[0163] 

Especially, by each above-mentioned embodiment, in order to simplify explanation, 
only two antennas and the system using the two numbers of data series are shown, 
but this invention is not necessarily limited to this and can establish the space- 
division multiplexing system by arbitrary space multiplexed numbers. 
[0164] 

Although ARIB-STD T-71 is illustrated in each above-mentioned embodiment as a 
conventional communication method used in accordance with an SDM-OFDM 
system, this invention is not necessarily limited to this and can be applied to 
IEEE802.1 1a etc., for example. 
[0165] 

[Effect of the Invention] 

As mentioned above, as explained, according to the radio data transmission system 
and wireless data transceiving equipment of this invention. A radio data transmission 
system and wireless data transceiving equipment to which two or more antennas are 
used and transmission and reception by two or more data series are made with an 
SDM-OFDM system in the same frequency band are provided. 
[0166] 

In using such an SDM-OFDM system by a 5GHz bandwidth, a radio data 
transmission system and wireless data transceiving equipment provided with 
compatibility with radio communications systems, such as conventional ARIB-STD 
T-71 and IEEE802.1 1a, are provided. In the radio data transmission system of this 
invention, even if the transceiving equipment of an SDM-OFDM system and the 
transmission and reception system by the conventional system are intermingled, 
Since it can constitute so that the transceiving equipment of another side may not 



start transmission while one transceiving equipment communicates, it becomes 
possible to provide the stable communications system. 
[Brief Description of the Drawings] 

[Drawing 1]It is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 2]It is a flow chart which shows the flow of the send action of the space 

division multiple control data in the sending set shown in drawing 1. 

[Drawing 3]It is a block diagram showing roughly the composition of the receiving set 

used in the radio data transmission system concerning a 1st embodiment of this 

invention. 

[Drawing 4]It is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the receiving set shown in drawing 3. 
[Drawing 5]It is a figure showing roughly the composition of the radio data 
transmission system concerning a 2nd embodiment of this invention. 
[Drawing 6]It is a figure showing roughly the composition of the packet transmitted 
and received in the radio data transmission system shown in drawing 5. 
[Drawing 7]It is a flow chart which shows the flow of the processing at the time of 
performing receiving operation in the transceiving equipment A and B shown in 
drawing 5. 

[Drawing 8]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 4th embodiment of this invention. 

[Drawing 9]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 5th embodiment of this invention. 

[Drawing 1 0]lt is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 6th embodiment of this invention. 

[Drawing 1 1]It is a figure showing the output wave of the correlation value of the 
signal concerned computed from the preamble signal of each packet shown in 
drawing 10. 

[Drawing 1 2]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 7th embodiment of this invention. 

[Drawing 13]It is a figure showing roughly the example of 1 composition of the radio 
communications system using SDM in conventional technology. 

[Drawing 14]It is a figure showing the example of the packet format of the preamble 
for propagation way measurement transmitted from antenna TxAnt_A and TxAnt_B 
of a sending set which are shown in drawing 13. 

[Drawing 1 5]lt is a figure showing roughly the composition of the communication 
packet used in the OFDM wireless communication system using a 5GHz bandwidth. 



[Drawing 1 6]It is a figure showing the composition of the data contained in the signal 
field (SF) of the communication packet shown in drawing 15. 

[Drawing 17]In the receiving set by ARIB-STD T-71 specification, it is a flow chart 
which shows the flow of the processing which receives a radio transmitted wave, 
and to which it restores. 
[Explanations of letters or numerals] 
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102 Space division multiple control data generating section 

103 Transmission-control circuit 

104A, a 104B OFDM signal generating part 

105A, a 105B RF section 

106A and 106B Antenna 

301 A and 301 B Antenna 

302A, a 302B RF section 

303A, a 303B OFDM signal receive circuit 

304 Space division multiple control data analysis circuit 

305 Reception-control circuit 

306 SDM treating part 

307 Received-data treating part 
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[Brief Description of the Drawings] 

[Drawing 1]It is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 2]It is a flow chart which shows the flow of the send action of the space 
division multiple control data in the sending set shown in drawing 1. 



[Drawing 3]It is a block diagram showing roughly the composition of the receiving set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 4]It is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the receiving set shown in drawing 3. 
[Drawing 5]It is a figure showing roughly the composition of the radio data 
transmission system concerning a 2nd embodiment of this invention. 
[Drawing 6]It is a figure showing roughly the composition of the packet transmitted 
and received in the radio data transmission system shown in drawing 5. 
[Drawing 7]It is a flow chart which shows the flow of the processing at the time of 
performing receiving operation in the transceiving equipment A and B shown in 
drawing 5. 

[Drawing 8]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 4th embodiment of this invention. 

[Drawing 9]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 5th embodiment of this invention. 

[Drawing 1 0]lt is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 6th embodiment of this invention. 

[Drawing 1 1]It is a figure showing the output wave of the correlation value of the 
signal concerned computed from the preamble signal of each packet shown in 
drawing 10. 

[Drawing 12]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 7th embodiment of this invention. 

[Drawing 13]It is a figure showing roughly the example of 1 composition of the radio 
communications system using SDM in conventional technology. 

[Drawing 14]It is a figure showing the example of the packet format of the preamble 
for propagation way measurement transmitted from antenna TxAnt_A and TxAnt_B 
of a sending set which are shown in drawing 13. 

[Drawing 1 5]lt is a figure showing roughly the composition of the communication 
packet used in the OFDM wireless communication system using a 5GHz bandwidth. 
[Drawing 1 6]It is a figure showing the composition of the data contained in the signal 
field (SF) of the communication packet shown in drawing 15. 

[Drawing 1 7]ln the receiving set by ARIB-STD T-71 specification, it is a flow chart 
which shows the flow of the processing which receives a radio transmitted wave, 
and to which it restores. 
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gfamUfrhA c k^SitfcM Uf 2 0 4) lcf4, jg|#T>"r^afek t xS 

<9M#K^ffl-f-&7>-r^k x fck t x coffin, f-?^Jtk lxi:k 1^)1?:, * 

£ t t) s -C £ £ Uf 7yS 2 0 7) o 
[0 0 7 6 ] 

ti^fii^N a c k £5r€L W4— S^Mft ^Mt 5 ^ * t^tLftii^ 
fc®^ (7t77"S 2 0 4 ) 14, N a c k O-Uft £ 1 if ftp 3 * (7r7^S 2 0 5 ) , * 
r7^S2 0 1 Plio Xf?^S2 0 1i:^T, ^M^Sfl^MiUfP-r- * &Bfc§B 1 0 
2 K&U&&mTy-T^%tk t xSar-^Jtk lSrWKSSLfc^ k t x^ot^ 

Uf^S 2 0 2) , SO*, ^^«lJ#M»Px-^£SM^«&-M«o 
[0 0 7 7 ] 

iCi^i: U, &feT>T-r§kk t xRZfT- ?&mikk 1 * 1 fo^c^^^a* 

«#s»p^-^£$#i£fi^i£#u fiifd^Ac k ^^Ltzm^com^r y 

m*«k 1 x t T-f&mZffl «t 3 l^^TV^o fc/iU S^S^fp 

A c k Sr^-r&ff^ k t x = 0 fc fcofcJ©^ (x-r y 7° S 2 0 2 ) Hfi, £#$SHj&*S£ 

j; ^ H^lt^Sc7)^#fii^^MtPl-& i t £ <£ 5:#^a^5:#aTf^fgH-eSA 

[0 0 7 8 ] 

HI 3 fc*3V>t\ *^ifc^||<^$#$l1t(i, Ty-Ti-3 0 1 AS. ^3 OlBfc, RFS&3 0 
2AS^3 0 2 Bt, 0 F DM#-^S#E1J»3 0 3 AS^3 0 3 BL ^W^Sfl^SMfP 

^#MffHIE&3 0 4 t, $€»P0E§3 0 5 t, S DM»3 0 6 L 7*- 
S£B3 0 7 t^P>fS^?ttTV^ 0 
[0 0 7 9 ] 

RF3B3 0 2 AS. ^3 0 2 Bt4. M^-^fsM^J: ^ L£ R F##£ 

0 F DM#^-$1H0i&3 0 3 ASO*3 0 3 B f±, RF^3 0 2A$.O ? 3 0 2B Kis^xm 
$S$fcSc&3 ttTt^lHt^lc^fLTO F DMmiWI^fi 1 3 fcftCTOf^THJ, 0 F 
DM11^-'£1H0E&3 0 3 B (4, ttz, £fefe-%rKi£* fLZ&Mfrm&MMWT- 
L, ^M^SlI^EMfll7*-^»*fBia 3 0 4 i:W£ 0 
[0 0 8 0 ] 

^K^SH^Sftll^T*- *#MffBfi&3 0 4 (4. OFDMft§f@§3 0 3 B^&fiLfc 
^M^ftl^JlMfP^- ^^»lfL, ^<75^^^#$lJ^P[lIi^3 0 5 tffi^t*e JMfcttK 
(4, ^MWIWf-^^i^ k t x&tfk 1 ^ftHLaiytlt^^ttSc 
[0 0 8 1 ] 

gmmm®&3 o 5 (4, ^mfrm^mmMT- fffimmm 3 o 4frt>&mLfc&wfrw& 

MMMT- 9 K£-^V*"C, 0 FDM|^f@^3 0 3 ARZf 3 0 3 B t S DM&SgB 3 
[0 0 8 2 ] 

^mmmuvkz o 5 f4, ttz, miK^mmmn<7>mmmmmi o 3tmmK, ^ 

5Hf^-^4M^3 0 7(4, ®li|$ft*:^fg#-^*f U H«9riE£f<a#3Sfc*!iSS:* 
[0 0 8 3 ] 
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**M^!^{±, $#ftlJ#Piag&3 0 5 K&^Xk x = k 1 x = 1 kfflrfeXflX^&m&K 
tt, T>T^3 0 1 B, RFg3 0 2 B, 0 F D M##$lt 3 0 3 B £ O^te 7*- * 
M^3 0 7 K£V) $#ibf^S-ff 9 o ^#«P0S&3 0 5 WTk x=k 1 x=2 tR 
5S3*L"Ci/>*>i&^KJ±, 7>ft3 0 1A, RFgR3 0 2 AS^OFDMf f B§3 
03At, r>ft301B, R F3 3 0 2 BS^O F D M#^-$#HI g& 3 0 3 B t <D 2 
^<DT~ ?^}X^^*t&MLtz^ SDMmM33 0 6 fcd3H"C £*L 2 o?)f- 
^^e>©0FDMift#lftL , rtt7'-^«!ia5 3 0 7 HJ:i!)*kIS:ff% S 
DMMS 3 0 6 fcj3»}4 0 F DM€^-^fi)yM{i. ±fBfl£#Oi£fl!r-ei£IJI§ LfcO t |W) 

[0 0 8 4 ] 
[0 0 8 5 ] 

St&^Mx- ^^MSc^ST^fit^ 2 t J4-£T\ {£*;<7Mfik r x afcLT*LTV»J 0 4 
[0 0 8 6 ] 

•r- ^ltH§#n!ff<7)$#^®-e&4, #H»PHlig&3 0 5 i:*^T, KttfflT* 7 > T 
ttk xS^'f-^^Jtk 1 x i4t >bK: 1 H&feSttTHS Ur^S 3 0 0) 0 Si 

301) o 
[0 0 8 7 ] 

5r#fW#p[sl£&3 0 5 (4, k t x&l/k lWffifck r x a<£>-ttfc*Jfc«1-fc (^fy^S3 
0 2) , k t xtk K?)ttlif Lv^t> k 1 Offi*Jfc8EJ*JB^4 0 

Xf'?7'S 3 0 2 i:*v^ 1 klikrxa-e*4*#i:ii, k t xS^k 1^3*14 
7 ^ f t Jfc&tT f ^ ^^Sfe^Sf^ffi-Pi £ £ i i: ft £ §|gf CA c k£ 
tHi: Uf^S 3 0 3 ) , &^mfflm&3 0 5 K*3V>T\ &^Ktiim-?& 
7^fttkxSO f f-^^ltk 1 xic. -ett^tL. k t xXtFk 1 (Ofit^'ftA-r^ ( 
^f^S 3 0 4) o Ac k^m^Ltzmi, j£#HS^ t> T > -f k t x^t/f-^ 

S 3 0 5 ) o 
[0 0 8 8 ] 

?^S 3 0 2 WT, ifc, k l>krxat^£i^:|i, k t x&tfk 1 T?F 

Na c k^Iin^ *4VMi^<ibf^*fi : *>Ti-*!yffi*j|*T1-4o 
[0 0 8 9 ] 

[0 0 9 0 ] 

ffi , ±ie^f4*^MBl^ift^^-^^M^xxAn^v^TMv^^#®s^u f $ii^s 

[0 0 9 1 ] 

IE 5 {4, ^IPid^Kl 2 ^ifitf&SBKtf^* itf- ^fS^v^xAcoffi^^ftB&Stin^-riE 
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mnBR t/^mmn c ^ e>« 3 tit v> & 0 

[ 0 0 9 2 ] 

^^■fiAS-t^SI^M^fiBfi, » l*ifeff^^^Lfcc7)t[wlttc7)S DM-OFDMJ 

^fx.Ti/^o — iiSMSfiC (4, ARIB-STD T-7 RIEEE 8 0 2. 

MM#{4£:T 5 G H zm^fflv^Ttf ^ ^~e&& 0 
[0 0 9 3 ] 

^MMM-^it, 0 5 t'^-T =fc 9 ji^tSfiC^A RIB-STD T - 7 1ft 
iOfc©t^l>i^Mi:totiiStS 0 ifc, [El 5 t'^-T J: *> ^$iSf ASO' 
m^#^fiB^)K-e(i S DM- 0 FDM^stHJ: T-7 1^5t^4&fet 

m-cit, t-7 l^^^i^itlM^^^^tT? -t7!) ? -ei&^c7)ti-^ 0 

[0 0 9 4 ] 

±m<D£ >) t:M?tl!t**MlOlSlf-?fiI^^f Ai:i3^t, S DM - 0 F D 
M^(7)M^ltSS^\ 5GHzI^fffltl)»T-7 1 ^j£<7>jiS:€^mt 3 W« 

[0 0 9 5 ] 

££-CI±, BS^mA^^B^^SBH^^fSB^^f ?^t:ov^#x.So HI 5 

H^cf <£ o fc, 3i^€SSA(±, 2*<OTVftTR x A A n t_aMTR x A A 

n t _b £JBV», ISfitB tdU 2 ^-<D 7>ftTR x B A n t _a&O f T R x B_ 

A n t _b fcffl^Trr- ^fSM^fj^ £ £ * s "Ci 4« 
[ 0 0 9 6 ] 

^3^#3tL*^^^ ><^«J**W*W»-j^i"ia-C*«o H6 from TRx 

A A n t_a 14, SSfif A«7 >ftT R x A A n t _ a ft*'*^ y 

from TR xA_A n t_b(±, 7^rtTR x A_A n t_b ?5^If ?tL 

[0 0 9 7 ] 

0 6 MifctfiHirtB, C SFi:o^t|±, 0 l 5 "C^ L 

f><7>tra#-e*> 19 > ARIB-STD T- 7 ^<T)k-fZ>o t 

tz, DF (a) S^DF (b) l±T- 9 V >r FT* «j , Hi 5i:^tDFtl^#T* 
&o 3Mfci&BS8fc*v*"C»±, Mf-3'l/2o'o?:, ZH^ti, DF (a) WDF ( 
b) CSiJlTS^tU it)STJliftt(?)Sft(:U^tt^o #^ ? 

h<Z>7V Ty^)VK\±^ fli&B, C, SDM-OFDMfflWfsflfiiSlffl 

[0 0 9 8 ] 

0 6^t2o©/^^>j:^T, Hi&B> C, S F [4^ < m\^T- ? 2>tz® 
> SSfStAS^B (4#f r L (>SJ?)7>ft^f) Z*Lt><r>T- 9 £Ml-&'i^(4& 
«x.li\ C, S 9Ko^Tlt, 7>ftTRxA_Ant_a)}^ 

[ 0 0 9 9 ] 

£ftfc<*V^^££#Lfcjg£5Ht$SflB"<Mi, £ T\ ^J*B, C, SF4-C&T-7 1 
[0100] 

ffc, m&femWiC&ZfL h<?>'i fry h Lfc»#-Cb > «B, C\ SF 

[0101] 
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|W|^-e*S 0 1"&;b*>, S F (i 2 4 If y h^Or^ ^-CffjaJc^tLT^ »9 , DF<« 
B^5t(Rate) *j&*4 tf y D F cojt £ £r^i~r f '— 1 2 tf y h ft 

[0102] 

M^£-e|Siti:^So Lt^L&t^, T- 7 1 "CfifMt, 8®ffico^p^^:L^ 

TBPSK, QPSK, 16 QAM, 6 4 Q AM<7) 4 fill, H <9 BUEtff-^ff-^ffc^i: L 
Tl/2, 2/3, 3/4^jg*3*LTV»T, £ ft t> <Z>Jfi*#:b* J: *) D F <7){SjI V - 

[0103] 

#5£*> fS3£i— h (£H#5£, ftHHb^, ■r'-^^JSfc) co^-e^^-ri:, 6Mb p 

s (BPSK, 1/2, 1), 9Mbps (BPSK, 3/4, 1), 12Mbps 
(QPSK, 1/2, 1), 18Mbps (QPSK, 3/4, 1), 24Mbps (1 
6 Q AM, 1/2, 1) , 36Mbps ( 1 6 Q AM, 3/4, 1) , 48Mbps (6 

4 QAM, 2/3, 1) , 54Mbps (6 4 QAM, 3/4, 1) t££ 0 
[0104] 

±taS F<r>R a t e -eii, i*te> 8®(H<^D FW^il^^Sr^i-lf ? ff-^t LT, ± 
mcoMKfit^T, 110 1, 1111, 0101, 0111, 1001, 1011, 00 
0 1, 0 0 11 £^-*l-e*lta*) STtv>J 0 
[0105] 

SFCRat eli$t>C, SDM-OFDM€- >'TOjiit*lt4D 
Fco^iW^j^t LT, 12Mbps (BPSK, 1/2, 2) , 18Mbps (BP 
SK, 3/4, 2), 24Mbps (QPSK, 1/2, 2), 36Mbps (QPSK 
, 3/4, 2) , 48Mbps ( 1 6 QAM, 1/2, 2) , 72Mbps (16QAM 
, 3/4, 2) , 96Mbps (6 4 QAM, 2/3, 2) , 108Mbps (64QA 
M, 3/4, 2 ) CO 8ififcfi*^-e^4 t t *#f tt4o ft. SDM-OFDM^K 

[0106] 

itL^SDM-OFDMt- MffltJDF©$I^iStei' Ff-^t LTf4, 
iiieooJII^^oT, 1100, 1110, 0100, 0110, 1000, 1010, 0 
0 0 0 , 0 0 1 0 frM*) STf>tLTV^ 0 £*LP>»4, ±fE<Z>T- 71*- K"C0)D FO^ 

|W)±{i±^:3 tfy h3&**jSLT*l!), T-7K- ^SDM-OFDMt- Ki^io 
TTt 1 tfy h <Z>*3&*^fc£ <fc "9 ^t!) 1 ? fe*LTV»4 0 Z<T>tz*b, if 7 Ff-^^Tt 

[0107] 

* 7t, ±fBK*3^TT - 7 1 *- K&tf S DM- 0 F DM*- K^-ft-PfL^gSil^fc J: 

fcW4 e 12Mbps (QPSK, 1/2, 1) H2Mbps (BPSK 

, 1/2, 2) ^m^o ico J: 0 t-tt^M^K^Tte^V- h^SILtl/^ 

£v> 0 l^l^^Pj, s F+-eiJ»9 ^-cf>*t;t^£^tf <y nfe*^rssi^5iHiffli-*fc4s>tcji 

[0108] 

5 F^ooDFcomm^^^-t^ y Yt*-?*, < ill "9 STSfc* 
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>9 K«fc T^^^J&^^aai^fctM ITS i ? icLTtiv^ 
[0109] 

Milf, ±1E13V*T, SDM-OFDM^-K^l 2Mbps (BPSK, 1/2, 
2) , 18Mbps (BPSK, 3/4 , 2), 24Mbps (QPSK, 1/2, 2 
), 36Mbps (QPSK, 3/4, 2), 48Mbps ( 1 6 QAM, 1/2, 2) 

$fe<7>#^ 144Mbps (6 4 QAM, 2/3, 3) , 162Mbps (6 4 QAM, 3 
/ 4 , 3 ) fcf y h 9 com ^ "C *fr ? £ t £ S o 
[0 110] 

— H6K^1-/f^'7 >Sr$#LfcS^«1SB-C»i, S F fci-frS D F <0&.Wtt5&. 

(iT - 7 fc*UBf L, 0 -Ci*iSi#^tt SDM-OFDMt- K 

kfflW-t&o SDM-OFDM*- K^^Ctt, T~ 2 IH±X"$>%> <D 

X\ hC^iJLJfijltttiEfflr'JT^r^DMD' «#U SDM-OFD 

M-OFDM^-^iS^P^it^-r-;? 7 t Lt^ft^o 
[0111] 

@7 Ji, ±Ifi<7) X 7CT-7 1 KXO*S DM-OFDM^- K^W^CJ: ^SSlJl^- 
^fxM^tf 9 £ ir^nTf^^^^fiAS.^BH^V^T, * £5M§T & H^9ifl# 

<9lll^t7n-f t - K^Jo 13 7 K^X, Xx^ 7*S 7 0 1 S 7 0 9 £ X 

[0112] 

h**T-7 1 1%^<r)-f') T y-f^ik^hsXte <0 > ^o. ^<?) :/ 'J T > -f)V^<D S F fc-fri 

-^»L, ^ DM- 0 F DM^- K"C3I#3 tlTl^©^ 

T- 7 l^E- VXmiSZtlX\,*2><Vfr>km < m-f2> (Xf-y7S7 1 1) 0 -eotfJ^gS^S, 

[0 113] 

^^■fiA&tfB (i> $#/^<t- y h^S DM- 0 FDM^- FT^Hg $ tltz i><DX$> & 
f?7'S 7 1 2RVS 7 1 3) o ±ffi LfcHS 1 ^ttBSBoEHt 

s®^. g^st *3 »t s t mmx$> Z> *> oo £ -f a o 

[0114] 

El 5 ^^i-^#^SC^j3V>TEl6 fc^i"/*^ * h^^Ufei&^m, T 

£v>T, 7r^S701~S 7 0 5 <D—m<D$km*?T *) iH s t^o L L , 
S F K&^XD FcommJj^Tjk-t^ y LTSDM-0 F D M Sr^f & ct)#s 

^Ititv^f^Utt, S FCl^Of-^^i dttv^i k k kte&(DX, X^y 
-fS 7 0 3 K^^TS Fl^t)^^ fc*!»fU Xx y/S 7 0 8 ^SHittr J: $ 

[0115] 

»#fcl±, T-7 HSB^-V 'J T5&*«ffl + T?*4 tiRJBfLT, ^SM^gC i±m^W)ft * 
ftd Zk &X ^^>^i:iotv^„ 
[0 116] 

^MMMcO&MT- *teS£->x-r A-eti, T-7 lMt SDM-OFDMMt 
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^^^^-rtf y hf-^UTS FK##>£flD£fc LTV^cr)T\ T - 7 1 #5£<E>3£ 
[0117] 

&2 mm&M<vmBT-?fc&l'XT&K$5^X, T- 7 1 ^O^M^SC f±. SD 
S DM- OFDM»III»fetlt^S ^^fxSI^-V 'J 7<ateffl<£ja*$!l»f1" 

o 

[0118] 

&2 mfe^i^^^-T^^fxB^^-r At?fi> T-7 lMti^ff tSDM-OFD 
(T-7 1WSDM-OFDMW) £^"T tT ~7 > 7*- * £^£>T£ , itt^S 

[0 119] 

^Reserve) £fflv>2> £ £ LTV^ e y h&T- 7 1 # 

3ZK£& b<DT$>&m&Kl*Vif-7*¥y M- 0 SriK DST, SDM-OFDMWJ: 

~f~<l> o 

[0120] 

ZtlK£V), T-7 lMOl$fSM SDM-OFDMM^y >£5HtLfc 
^tioti, S F<DR e s e r v e 1 T^?»iiMttLlf, SDM— OFDM 

[0121] 

F?)f-?fi^t^?hf-^ (116 t^lt^L e n g t h) $"^Tlf LTV>* 
o T-7 l^I^fSiCli, ffLfcSDM-OFDM^/^y > <T> S F3>fc 
L e n g t hS:flJC#i-*itJ±T§fct L*C & > D F ClIH^lit^ i t ji'Tl ft 
S DM- 0 F DMffl07"'J T > ^JV&i^D F 7*- *§&5iK>$#te5Si~* 

[0122] 

Lfc!& s o"C, JifficT) J: ^:SF«Reserve Srfflffli-* £ £ K X «9 , T-7 1 -%&<D 

&o<7), ^^/N^y h^MS^^T-r^. s-co^Mfti^ra*^Bfi"4i tA'-es&vio ^ 

ftKfrS&l-fcfci&K, T- 7 1 ^j£<7)5£$#$lffi~Cf±. SDM-OFDMM^^-7 h 
COS FfrhW&LtzL e n g t h(Oii:Io*^T^'? h il^lt M £$EI? U 

[0123] 

— Ifcl&fc, SDM-OFDMMliT-7 1 ^sSKJfc^T 7*- * fSS*>^i£-e& ^ h 
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[0124] 

~ S 1 7 0 7 ) <h&£o L^L&7^£, i<Dt i (iT- 7 1 ^st (1IL, T>7*;VJ^ 
ftfiHCSDM-OFD M^ll £ tiT V» 4 ) (7) 7*- ^ fx^l^f tlT t^^t 7^7^ o 

[0125] 

LfcfoT, ^2*tt^i^SSia-r ? -^3gHt->XxA-e(±, T-7 1 #5£fc: «t 
St S DM - 0 FDMMt i Sl^fSf ^StS^SlTTIi, #CT-7 1 

[0126] 

„ SFftWLe ng t hi:, D F<97*~ ^gfcteffiJfcJSfeffl^'J TV^D&tfD' (Tjt* 
[0127] 

£OJ:^LT, T-7 1^©^? H:*fLT 

%i£ £ & -MSMtt^ 7''J T > ^DSVD ' <7)*^^#^M KJCS C£ 7*- * g^l" 
f-^^SFC^T^ft^CltCJ:^ T- 7 1 ct^ji^SSti, SDM- 

[0128] 

aTC«^W^to S DM-0 FDMMtlff - ^^Jj8fc**2 > 3U>OT>x 
1 0 0/M h©f-^ (^ft2 0 0^M F) * 1 6 QAM R= 3/4tI$ft 
(T-7 lMtiSiSt^I^Cii, 16 QAM R = 3/4"C(ilO 
FDM^V^fl h^f-^SSSitaii^S*) o SDM-OF 

DM?)fiM*£ffl^'J T^/^DS^D' ©I$ft:Itl»^M^2 OFDMv^t^P 

[0129] 

iOtl, SFCRatetli, DFOSi^t LT 1 6 QAM R= 3/ / 4^.0 ? M# 
^M^OSfet LT 2 £§£5gU Length!:^ D F <D r~ 9 & 1 0 0 ^4 h 
t * fS»S&*£5effl -7° 'J7>7>D&tFD' W7*-?g-P*4 2X 1 8 = 3 6 f (20 
FDMy>Wffi) t ^JO^LTifit-e^S 1 3 M-ffl^-T&lf ^ h7"-^£I£S 

t^o £ fc, SFWReserve ('J ^f- 7* tf y F ) * 1 KgBSgi-fco 
[0130] 

5 DM- OFDM^OiSf^Ili, ic7) «t 9 KK563*lo&(i3*Lfc^*- y 

£> f^cos FKfcv>T\ Reserve C^otv^it, Length!: 

«t «9 7*- 1 3 6 F KKilS^t^iit, StfR at e <t »? ^SCfoW 1 6 

QAM R = 3 / 4 JLT^I. i t Sfc, ££gM^ttfdU 1 

6 Q AM R= 3/ 4X«\±, fcffiffiMfemT'VTyy^l'DRU'D' Ot*- 9 Mtf 2 0 F D 
MV^jK^M^Cfflatai 8/M F 4 t ^Ulff L, DF«f-?Wl 0 CM F 

& fc 4 £ t SFWRa t eCiiJf - ^^^!lSfc* s 2 iiti^ 
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[0131] 

T-7 1 ^5tc^^M^m^_hiac7)^^^y l*S:$#L.*:»^fc(i, 
<5D S F K3o^~C, Reserved* 1 C^otv^ Length K 4 *) T~ ^Sd s 

1 3 M-K5&3ft"CV>* it, 31 at e K 4 6 QAM R = 3 

/4 [^g?JiTi/»4 i t ^r^ffil-So ji^M^Sii, Reserve *U l?**^^ 

[0132] 

±f S L £ 2 * li^SB 5. 3 m. Ml x - ? fSj§ ^^rAl^^t, SDM-0 

3i€1i^*3V^TM'®T r -^^ 2o(;^iL, ^ft-Pft^MM^v- y > ?)D F (a 
) RZFDF (b) [:#ftTlftl,J:^lfeL'CV^ 0 i ft P> 2 o<7) D F ti, |WJ — - 

<^7*-^S-e* D > 1^ — ^^Dl*"5t^ 4 19 ftTiIM£ ft£ i t 4oTV»4. 

[0133] 

§fttfM£f!J-C&*>o £<ai§#, DF (a) RZfDF (b) (7) 7^ ^ L fc# L < it 

&t>&^7>\ ^2*^Bl7^0 f ^3*»i^te^^-^f5Klv'^^A^^l/^T{i, DF 
(a) RZfDF (b) OT , -^JE*ra — LTSf ti^S^io DF (a) R 

zfDF (b) ^m^^Mm^^Mm^x^m-r^z. t t-ei^^ 0 

[0134] 
[0135] 

0 8 l±, *&M1&Wl<Dte1&T-?fc&*sX-T&K&^X$k&^Ztl& S DM-0FDM9J 
m&B, C, SF, D, D' to^TIi, He^fbWtll*-!?**^, iiT^tft 
[0136] 

tFD ' tDF (a) S^DF (b) t -eft^ft, ->7t^7^iVFSF (a) 

S^'SF (b) S:jfXLTVi4it*#ft4, SF (a) Stf'SF (b) {4, -eft-Tft 
, DF (a) S^DF (b) comm^ (Rate) TSLXfT-PM: (Length) £tf 
-$-7*- 9 £^A,WS 0 Sfc, »2*MBi^^3*«BlKt |WI«K> SFc7)Re s e 
r v e Kli, ic7)7N°^r 7- f^SDM-0 FDM^C 4 & & c7)-c& & ^£^i-'lf $6 
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i iatfeo^-ffi„ 

s^tHRiHSKW (ofdm) afi^xf-A^fcv^T, a»«o£^*>'*;i'±rfiSi2i 

t>y N^ftfetSifct, 
f+U, ^^^°>-^^-vSnTV^^W-f-^$^b-.y f^M^SIfty^H: 

»>y*wmt& zbb. 
T v ^ v ^-^-ffc $ fifc b ••/ r- co yiv—y-tfiWy ^fihkd^h^bb^ 

[Ifif<Il36] 
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mmnism^>*>\s±x''f—?$:mm-t& x o \ l zm^&w&Mm>'X^M,x*$>~>x . 

fcw^^tatSBStioT, lSBHia-f-icJW-iw^RwflHiif v N^eiM-rsit^r 
*ts 1 3arae#fc*M-4fl!fit:>y Mfet^$r< t tfl&rrs^^wftu - t- izmmn 

x^&^y^vjyf-v—JW^hizmfoZtix^x. 

r &wb htvz c * § ##-fiie^- * , ^bphe^v v r-r § iB-f-v -y tr y 7m?&% h 

[MR3JB9] 

A^^fiffi^J (MIMO) fKiMSrSlfl-rs iolzffi&ZtiXi^&m^y'rt^vy-tfZklz 

itmsmi 

[000 1 ] 
[0002] 

mmmyx^rAte. ^p. *\ mcoid^m^co^^rcomm^i&i^-tifzMz. 

JE<EffllS*lTV*4. Ztl^C0^Xf-M±, ft^ftW&MT?*:* (code division mult 
iple access, CDMA) „ f&ftW&MT 9 -fe X (time division multiple access, TDMA) ,. 
B39«IMifcJHPJ3EfI (orthogonal frequency division modulation, OFDM) „ ttziiMcO 

[0003] 

OFDMyXfAT'il ■W^aMSt^ F(±, ^iS[^ "Jg|j«f ^f-lr „ 

VTtmmmhtix^x. mm -mm^-^y^v" t^t^tit. HRt. fisasft 

SEflPDSaWSn* (M£i2\ QPSK. QAM. ^rif ) Tli. 8f#fcS:h.fc 

t--y h(4^-g@E-9A.4i:ftt^ ^^^yr^^ifii-f-sotflsm^ttSo 

[0004] 
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iSyfnXXS'-Z/Ui-^XCD&W) %M&b. fi-f-^rSftfPtSit^^Jt (signal-to-noise- 
plus- interference ratio, SNR) j&^&S,, U^ot, fi^^fif^^KC^^T^ 

[0005] 
[0006] 

[ aw* wsw-* fc*>«o#a ] 

[0007] 
[0008] 

M3r£fif$Bb'>y tk-tt\ f-^tfiaa-CS 43fi^^x-f A<ofcft«^»*«T 

(MiJf, S'MI2^-r-l»J:3t. flAA/^iffi^Tyft (multiple in P ut/m 
ultiple output antenna, MI MO) %ffiz_fz, O F D My^fAC titt-S^t OMS&irf 7" 
fY^^K * tlteO F D M i^X-fM, t&ft&^T^DMSlt 1 ?- y^;P<50S^7 , 'f- 

Mzn Lxmtch^mtl^- h h^b ifX% & . J^KAfiHtfl^— h 

[0009] 

*%BJ«H»ffiT-(±, ilftS^f-A. ft£(fj£^|g&jHHS&li (orthogonal frequen 
cy division modulation, OFDM) i^X^A^<7)^^C0BMi~ J v-y^-)^±.Xi^'tt7 : ~- 9 

&mvi&m%:htzMz, m&z>®mt\s-bbmmmt>tiz>> 

[0010] 

ftsftfttvfm. *-jm*£ttflH-sfc&tt, wfgf.y bizn lx, 0-m<7)r- 
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^iSM^y^Mz-^x.^. rtyf+fVyytwrnhx. &frf'-ry*tv£&&&mti: 

[0011] 

^WSff-f-S, 803ftE*H-4J:9fc:. f-SA^Sffi^ (MI MO) y^fAtli. #JH 

taw-:/*-* y*A^)^»<osiaw- t^-t y*^±T©ST& , #«aaw-^f-v y*^ 

[0012] 

j9ia»t<E»f*j:afc, *^o««ojb«, men. tsivwa* 1 * 
[ ^ *m&th tz#><r>WL&<mm \ 

[0013] 
[0014] 

multiple-input multiple-output, MIM0) MftS'XxAl(X)COllT'&6 . jlflyXx-MOO 

b'-y b/#/^;^V(bit per second per Hertz, bps/Hz) tfcttSSiUffi*** <fc *) 

(signal-to-noise-plus-interference, SNR) ltZffl~f~%> „ b y Ml* 9 (bit-error-rate 
, BER) ^3t(i7U— (frame-error-rate, FER) #U 9{£<$rS*I fclCi-oTM 

-ft^. V/I^f-3f ^'JT^tH. mftm^mt (time division multiplexing, TDM) , ^ 
[0015] 

H 1 tC^S^VC j: 3 fc, jftflyXT-AlOOfcfiH 1 <7) v-X-f-MlOfc J:l£3fS2<7)yXT- 
A150#fflta££*rClvr s jjUcoyXr-AHOJi. IS2coyx-f A150^51fl-ri>„ yXf 
AllOFYCti. -f-^2S112(i. 7-'-^ (-r&-*>*>. fWBt"-yh) £fiHHI114'V.ttttU 
W^ll^^^^^tL^^^Tx-^^W^-rS. flr^flltiO, 

y?^ (-Wr*)^ fflHt) L/C. iMSR<?5«F^(tS#ifcK'vh*ffliBt-*. flr^fh. *■ 
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^??-*SftT^£V^r#fc3*ufcfc>Mi, IE-^yby^fimi8Mftii6 

3ft£<, 

[0016] 

oFDM^fAta, iM^fliWfc'^Kfi, £»<z> "mm.w.y-y"i- j r>*)i'" (-$-*:*> 

, "SEPU^" 3kfcPL<J3lfi£tE^3*lTV^ i3t, OFDMyXf 

MIMOt-PTlffL, MIMOt-rat ^SA (N T ) <5Di*fi7*>^f^fc J: 

(n r ) ^^r^x^tx— ^fi^fcffiflw-*. MiMott^wt n c s 

Wfc-f&v MIMOt-rai i OftV^TU^Iit. #B§ralXn>y MCfcWT. N c 

fflK^EIBE^* 1 , #«iaRf ^f-v^*;K»5N c *<?^liwri^y^±£fgjl3:fx 

h» OFDMyXfAi\ M I MOt- YW\-Xm^th t £R9Wf:/^ -V V*)V 

aw*. 

[0017] 

■f*. iJCfc, ^— fflfB-f-ti^lllfB-^^-yrsa, SSHE^li. eSSf-W^t^L-T 
8ft 3 futSHWSraCtWJM- & 0>j£*ii;M- . t - * feiSCffiffl 3 tit 
f-f V*/HS <£t/#nmxn -/ h £#f LT . b-y hWfr—T-it&XX/ft^cr,-? -y by?" 
tmhfih. £&&**>*)W8&Bift\t* MIM070-fe7tl20^§il?,„ 
[0018] 

(HtfS^4»^tt) SgfrSjUSSBJEO "Sir ^-f^-S'-r-ffcfleffl/C, MI MOT 
o-fe.yttt20f2. SftL£^IIIB^£^v/t^:rW:?X U YffiSffiU tS^-*. M 

I MOWBtcowttt, 3^tPL<S'MIBtW--S»o #iHft T>-r^T«. M I M07o 
b>y-n20t±, lHfllxu-y Mcl<? Wt^4>j£§. ^ffllB-^? b U -A* 

^aHIE#***4 fit ^ s . ^tffltB^<? h h 'J -Ali , **i-e*u>5SaHI ( mo 

dulator, MOD) 122t=«fc ^TS«3fl.T. ^IW3:?X, H»*-*T>'f"*-124*fl-l,TfiS3£S 
[0019] 

121 ^3*rt^SSISfeff^t*Ji. Sff ^X^A150tc{4. ^W^m T >xTl 52^«)S 
SftXWt, ^ffTyx-M52ii^^^ft-^^SmLT. »tLfcM-*fc*OSH» (dmo 
dulator, DEMOD) 154M**&-fSo =frSPSl54»i. ^HSl22fctJV^THtf 5*1.4 *ft«t= 

^•V^^KDSmiB^fi, b y MtSui---y M58M£*£3:fU t'7 Mt»i-'y M58l± 
. IB^-yby^gg^ll8fcJ:oTlltT3ix^^M^fflM-f-S^a^fi : =5rVK Sitvh 
*Stlt«»ti. ^VN°y^^-v^ai59(i, MS (Miff, -buffi) i^^fAHO 

-vy^/i-r'-f y^-u-^N'ieotiotf-M y^-u— T3tt. «#«i62fc:j;-oTaHH; 

fl^3^b-y b£±J&U ffi^t3^b-y Mi, x-^^^^164^^3 

ft4„ ^y^vcnfjyf—v—vyy, f^yt^vy?. *$«fctf«#flsti, mm 
m\z.m^h^y^)V<^A y^-'j-b*^ ^y^f+yy^ fciW^tffl**- 

[00 20] 
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112 (i. M I MO>-X^A|*|£9Nt 1 ^iiflT^-^^O F D Ml££$:7'7 

zixx^x, mmi-^y^Mz. of DMm^&mzmm-t&cvizmmzfi. #ofd 

MCOfE-^-ii. £1 6*«JllSSt^f7"^-ry^?r^A--r^ 0 mttW&Mfc (time divis 
ion multiplexing, TDM) tmii^tlXtS 0 . TDMfiBtTii. -f-:?fiM£»P B lXn 

[0021] 
[0022] 

AMn 7 MEjM^ffiffl^ti^^B#p H lxn.y h£f£fflLT, S^tD^-4* T<r>ir~9* feJH^ 

/i^iiRinsni-r-**, %im^~-yh^ism-tz>tc#>izm&ztLX^h« zk^^t 
■7+*y*A'±iso j ?-9i±. hric, £gmm3---yh<,zj:ix%mztiz>ztzmmz 

[0023] 

— ^i^A-ir.yff-^ll S'Q ^ffliSS9Sr9-7'f - + y */Wc*J \ ^X fro* £ tit . 

. ^^y^)V5\t, mmxu-yh5%:^L9l / ZiS^X^Vf3l / ZtiimZtl, 
[0024] 

, hhv^i^am^ztiuxiiM^Khzt^h^ , 2&L<&f—9&. mfecomffixn -y 

4. 

[0025] 

fflU x-^2cofeiI(i. h 3fcJ:^4(;fcv^f 7'f ^y^5^v^ 1 6 

SrfiOT t „ B#Pb1x n -y h 5 tiSV^T^^f-^ y 6^rV->L 1 6 SrfiOT U c f—?3 <DU 

^n7h9CijHtt7'fty^7^ULl lSrflMU -r-*6«>>£S£(i. 

, gfUS^— -y h h =? b >y ? -r- ? £DfSM£fi;b-f\ 
[0026] 

cor-* * -f 7\ *Jt«-t^a^*>*0«J: -5 Srr-* * -f <r k & . 
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flWSSStfiS* (MUi, M-PSK, M — QAM, ifctifiUcO^) ^A>^$ill». 
[0027] 
M I MOyXfA 

tt±aft>-X-fA (fIJiJf. ^7yXfA, IH^Mft^-X^i^ 7;|/ffi-y^ -7 
y h^lfii^XT-A (multi-channel multi-point distribution system, MMDS) 

k^mry^i-b^m^im&mmmizmALLx^^k^ (^b*>, -Jrmsmtfm 
tLt^tisii,. hrc. WMTy^&itf^mry^nmfimm-thwzLtz 

[0 0 28] 

H 1 tSSSfLT t ■> & X 0 &M I M O JH1 v-X-rATti, Mfl 'J >9 coMiE^ b Sfli^ffi 

. m*cr>mm(n "^.mv^^—^T-^" (mm. "mm" ^^-yf-ffej:^ "Sfi 

[0029] 

S«tt*l*l±-r4^)(cflSfflS*t*. £*Ui. ^ROT^T^fctttiiUT, £r*>«b±t 

cnmmzm^xmmzmi*ft^x . m^it^mm^^hcoxh^. «to»v^m 
oi^^^7<?)t-t'x ^) , m^fr^mmv y? mm (mm. isn 

[00 30] 

coTyr-ffrt) l :fccD-»f y*;i/±t> ( 2 ) ^ior>f+)!i^ l ^o-f 7'>^* y 
(WlxJf. ^T^y^/H ) ±T\ ( 3 ) :£N T *»7yf«^ l *W7J-y 

>-it-/t-±T7 (4) i*«7yft6^ ifflwt/f (iiif, t7f +y*/i' 

1 ts «t t/2 ) ±X\ ( 5 ) »7>ft*^ 1 *iC0-9-7->-vy^±-C'\ ( 6 ) ±N T 

^coTy^r-i-frt) \^^y'^^y^)V±x\ t-fcitd) il«ryf+i^il«f 

-\-y^±T- (Witf, lB#r B 1xa.y htcfc^Try-r^lfeiV^^^-^^-vy^ 
1±T\ mcr>mmxuvY(,Z&\^XTy^1~2fr^y'^^y*)Vl&kU2±_X\ $r4f 

[003 1 ] 

m I MOilff yx^AXli.. ^mXft^W&Jj^y^Mi. l fflcoN c *co3fcio^p B l 
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y = H x + n - 

=0r*5, nl±« N R -^i' h^aittT^fcWiBiabt. locoHJftjgffifii, tf-w 
^W^itftSKB (conjugate-transponse) b&miZ X ^XM^tltz^>V 3 - hft^ij 

com^? hH-cDftMtz. mz^-r^x-mmx^ & ; 

H* H = EAE* s 

$rfc, flr^ "* " li^tMBBt^U, EfAx^S-h^T* 1 ? . Afi. &tcN t xn t 
[0032] 

ilfilSJi . Effi^ 9 V Htm E £ ffiffl L T . 1 «<0 N T ttZg&Ni^ b£ ^Mt h ( * 

x^Eb, 

[0033] 
[ftl ] 









^12* 




i 










^22 » 


€ 2N T 




b 2 


M 












M 

















b„ b 2 ,... *3 < totb Nl .fi, Zti^eti. Mryrti, 2,... n t (^ 

x i = V «u + V «ia + ... + b Nj ■ e lNj , 
x 2 =b 1 -e 2l +b 2 -e 22 + ... + b Nr -e 2 „ T , $$^xj- 



y = HEb + n_ 0 

«mti, *-*y*ti*&y <tfr?9fm*ft\i\ mziEL^wm^9 hMzx-oxmn^ 
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[0034] 



z = E*H*H£b + £ # H*n = Ab + n 

£(««*) = £(£*H *nn*H£) = £*H*H£ = A 

MIMO^OSSStJgffiii. 2000¥5^22BfcaW*^*HH^fflKffSW/532,491-^ ( 
"HIGH EFFICIENCY, HIGH PERFORMANCE COMMUNICATIONS SYSTEM EMPLOYING MULTI-CARRIE 

R MODULATION" ) CfEKStlT ti 0 . H09/532, 491#«*tilII«liSA^I«S§iX. *HJI 

»»fc;mvr##:SSRi: LTJKO-btf S>*lT^4. 
[0035] 

MO^-^^fti^Nc ^S^y^-T^^/t-CD^-^ii, EffipE— K (eignmode) 1 1> 

n«f*i*. MiMOt-rat «*9WB9te, S-ffljafc^^f-iry^tfev^*®* 
Kre-nt, fEgf-vy^/i-twiii., 

[0036] 

ii-rflSfflStL-rvisiatCs mimo*— ntna, ^f-^y*/KRJHflBi (fun chann 

el state information, full-CSI) & .fctfgfaj— C S I ^QS^r— Vifi^iXh . ^-CS 

i fc»8— cs itf>ff#fctHvc. iiSu^ejUSiKii, SP^t^to^y^y*^ 
tei^T-S-i&fi*. RKiBaUfc.fcdfc:, £-cs i^i±Bffipe-F£<§Ut$-£. gp 
t-CS IMTI1 EW^-h'SrWtf-f. ^-fEjU^-r (-ffc*)^ WI^A 

[0037] 

-CS ieDiffSfflffRfciti. £<?>^fcfcVvcJn&*i.TVV&.fc"3fc» ( 
zero-forcing) „ -^-v y^/t-ffi^T^'JRte (channel correlation matrix inversion, CC 
MI) , H it/fi/J^W^flgH (minimum mean square error, MMSE) ifi&$.tl%> „ Mi. 
tf. #»^a-7:f-yy^ (gfrfr- CS I ) OM I MOOi^COSNRCOaSttJtO 
V»T(±. P.W. Wolniansky. MzXh^M ( "V-BLAST: An Architecture for Realizing 
Very High Data Rates Over the Rich-Scattering Wireless Channel" , Proc. IEEE IS 
SSE-98, Pisa, Italy, Sept. 30, 1998) izMM^tlXH *) . Ztllt. ^MM^fc^T 

ltt-F«SNR(«tl,. ^-MIMO^tl i<7)SffitCi>^Ta^n.Tv^ 

[0038] 

^*7Hi, jlflStSfl««M#^-5r^^TV^SNRT-ra«#{t^^S. <I 
eo*§3-(i. MJC-rseil^^^coSNRt^'v^T, #^lls|l5-^<50^Pfcj:tJ t W'ft 
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[0039] 

^ttf^^P (M£t£. l%W7WAX5-l/-b (frame error rate) , ^i)^> 
%FER) TitS&Jh.iflHRfc'y MBbWE»S:ft.T^4. #SNRtf>«Hfc:tJVVT. miiZ 

"T«WE#(cfc^TejaS*tSflr#fl:Snfeb> fcJ:lX3»S$n-g>i^>fiW8b-y 
[0040] 

llB^-t-StTS 1 fiffgb'-y Mi, ( 1 ) \/2<T)^\tV~ r-fcitKQPSK^IIIL (2 
) l/3«049r#ftP— htiJ:t^8-PSK3aH, (3) 1 / A<?m ! %ttX>— XV 1 6 
-QAM, (4) flp^u-hkSEil^fc^ffirali^ir*ffifflUT, m&ttz 

btfX'^h* IStfe^tLTV^ SNRcDiEH&BUT, l.QPSK, 16-Q 

AM, fc e fct/ r 64-QAM*iffifflStLT^S. 8-PSK, 32-QAM, 128-QA 

[0041] 

[fgi ] 



l 



SNR 










1.5-4.4 


i 


QPSK 


2 


1/2 


4.4 - 6.4 


1 . 5 


QPSK 


2 


3/4 


6.4 - 8.35 


2 


16 - QAM 


4 


1/2 


8.35 - 10.4 


2 . 5 


16 - QAM 


4 


5/8 


10.4-12.3 


3 


1 6 - QAM 


4 


3/4 


12.3 - 14. 15 


3 . 5 


64 - QAM 


6 


7/12 


14.15-15. 55 


4 


64 - QAM 


6 


2/3 


15.55-17.35 


4 . 5 


64 - QAM 


6 


3/4 


>17 . 35 


5 


64 - QAM 


6 


5/6 



m$>frtzt&ti*>t£* *mn<vm*cDmm±. ofdm^t-a. *j«tt/£ 

( 1 ) M I MOfiWOBfW* OFDM yXfA, ( 2 ) O F D Mj^TS&fFfS 

CORFaRiSMta-^^TUf^-ri.) MIMOyXfA, (3) OFDMt'ifWSMIM 
Oixx-rA, isit/ (4) *»ffi£»fl£:h.4. ofdm(1 mtc, JE#J*?- j r>'*>i'£ 

s ^»<©aaaan3ft^^f-^ y^v^-m^h tuba 1 o<ai$WTA & . 

[0042] 
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x{4, HlcO^-f-||«]II^rfn]ifi0ITiE (forward error correction, FEC ) g|5^^ 1 O<50 
[0043] 

flr^«114fc:*Jtt4flr9ftfc:(i, IROfnEflr^fl:, 4fcl±lS"5*ajflr^fl;, fc4V>l±£« 
Wf* 1 ***., U>^^3IBtt*|6Lh-r4^tffifflS*L4. fiMHfcfctt, M£ii\ jfHlft 
(cyclic redundancy check, CRC) CO^ff-lt, fiS^RF-f-fL. M^'JXtfft, 7' 

T»fiItflF9ft;S*L, CRCt'7h(if-M^7 ht-N-§il§. iIJn<7);t-A-^-y H 
[0044] 

2b fc, flF#-f y^-U-^"314fc^«^§^T^So «B!cW^t5312a(i, ®l«««ff 

^y^-iJ-t>^3^L£#-?T-r ffij£:fif^#312bli. 3I2« 

LfctfoT-f y^-U-7"Sa^f>y b^SftLT. W-^-ftLT. *2*>3R*I 
SO-r- fUH i. U x 4 tT >y h , z & & . fiF-ff«312 a fc J: #312 b tf- £> Oflftl h' >y 
K r-'l't'yf, isit/^'J-r-f t*-y Mi, &<7)J?iE|^3R (^--t^*;^ U— A 

116) ^ftiteSfU,. 
[0045] 

H3b(i, f-tftt^mUyCOl^COmmmcomTfoK). ;Wi^~^S114x« 
1 o^aftftT* 0 , Hl<»5<«F#»114l*J-C't>ttfflT*4. itOWfJi, ?-!tfflf*»114y 
(4. l/31/-h^^t^0, «fll*t7 bxicMLT, 4 t*-y K y 

[0046] 

H3bt;^2ilT^SHSWffiT"«i, ^-#flF^114y«^)«««flF#»322li, «J£W^ 

[0047] 
[»3] 
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G(D) = 



n{D) = l + D + D* ,&£Tf 
d(D) = l + D 2 + D 3 



#«I>cW-^322«2. #»«aWISSttS»n)t)l»F332, #JSC^ i^'a-n- 2 Juff§§ 
334. #3iV'X-f >y*336#*«f£3*VC^5. *&Jfc» Sffi* : ?332CO^ffi{i-ifnt^$ 

fcWT, JtfflL#§334a(i. fiffgb-yhi:. Ja«»334c3&»fe(Offi*tv Nfcfcti^-n- 

2 fluff U *^)*S*&3ffieim32aA.ffi|ft-r4. flH3f:S§334b(£. flQff£§334ab. S3£ 
*?332afc«J:t«32c3&»^eDtr«y h h Sr^'a-cr- 2 JnJtU ^'Jf ■ttvbySftft 
"tS. iaSH334c(i;, Sffi*^332bi5 it/332 c*^<50b'>y h^^r^'a-n- 2 jBff-T 

4. 

[0048] 

B'M&^fU 3o<0-fcfn ( "0" ) t«yb(±Hl««P^«322a^flB&S*i.4. ft 
ja£flr^322aJ43O0H?nb> hSflr9fl:LT, 3^x— /U?MS8tWb*>y hfe 
o<7)t--; W n° y -r * b >y h Sr 5 . 
[0049] 

NMcOflHRtf vb^Jry hrkt, ffiJ$^3S322ai±N«r,fiff6h-.y hx , fffi^ 

3 OCO^— /UO^&fitjb* >y h N NfWt y x 4 b* -y T- y , &£X/m 1 CO 3OC0x— U 
T- -f b -y h L , 4fb£fir^8i322 b li, I2W3 ^f-^MWb' -y h , N»Q 
«ijf^'7bz, &itf*f&^3^^x-/bO>^y-r4 b'-y bSr^&^-S. #A7 7 h 
tfcWC, flr^S114yTtt, W^322 a *^{±NfI<7)'[f# b'-y h . 6fl|*0f— 
«b-yK N + 3MW>°"J-r^b'-yhSrtt^L, flr9»322b*><5>(iN + 3»?Vty 

b'-y b*m&tZ>. 
[00 50] 

>-^— U— vs3l4(i, #$:<7H V9— U— byi/^cotfjcoioSr^T^S. lo 
crm<£cr>4 yj?— U— b'y^^F^Cli. y^-y M*l^NjiO'tffgb-y fri't^ 2 
5 ffx 2 n ?ij^0ffi?ij ( nttJSyJ^KTC&D . N ^ 2 5 + n T#> & ) ^aSrAtl^^ Jfcfc 
, ffli, bVhKiMy?'J£Lfc^T, SHW&SfU.. W*lf, lfrS < "0 0 00 1 
" ) t±l 6?f@ ( "1 000 0" ) tX77T§ll> 3tfg ( "000 1 1" ) i42 4fr 

S ( "1 1 000" ) i:xy-/T$tLl>. 5r4Trft4. iJctcfrffrtcotyMi, fr»!l<?>« 

^ay^/Kcyi^-Wl^M (linear congruential sequence, LCS) t~ Lfctf-oX IBM ( 
-$-=2r*>^ BIBfi) £ix&„ kffgWLCSIl x k ( i + 1 ) = {x k ( i ) +c k }m 
od2" ( i = 0, 1, . . . 2 n -l, x k (0 ) = c k , teZZ/c^ te&ftZtlZW 

fctitvC. ftftto i#B«b"-y HiteSx ( i ) rttefiHtrS. flrf-f>'^-ijw9l4 

ftob-y Hi. wrttii^ajstis. 

[00 5 1 ] 

±a«LCSff^f >^-y-b>^"^{i. -HifcSKllt5*utl998^12^4HfcaUHS 
tLJt^BH^Fffi^i^09/205,511-^ ( "TURBO CODE INTERLEAVER USING LINEAR CONGRUENT I 
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AL SEQUENCES" ) N HXlt "C.S0002-A-1 Physical Layer Standard for cdma2000 Sprea 
d Spectrum Systems " ( JElTCIi , c d m a 2 0 0 0 iPSIfg t Pf & ) (C $ IZW L < IE 
ttSftTis 1 ^ *BJ*H#T(i. W^dK*##53ffii: l/05l"3±tfTVv6. 
[00 5 2] 

7>fA (symmetrical -random, S-random) -f y^-'J-^^ffif LttJ;t\ 
[00 5 3] 

/□7m; 7'oy?«^ fcJtf/*fcli*->i«fiF^^#^6*JS 
^y*/K?3ifcftfc:a6^v^«ffl (Miff, ^y^-v) £ix£ 0 

[00 54] 

fty^My^-'J- b v ? 

ffif'l l £#srr* t N tt^-mufrt><D&mt1$iifz\L -y Hi. **y*)VA y?-v 

) 5^fcSS<fcti«LfcV^fc2S*KIE;5*tS. SWSrfttKOtfW b^XJtW (additi 
ve white Gaussian noise, AWGN) ^y*/kTti. ^— ^43r#|gt.fflV^ilS t # ti. 

[00 5 5] 

f^y^M^-'J-^tll l*«4 y^-'J-t'y/M^lffleiil.. io«4 
Hi. ( i ) t> hsraiij. ( 2 ) mM^y^')V^.y^)V^s\ (mm, ±mx\ 

ft^-A yf-U-JVzmtTZmZtLX^&hcT)) , (3) yyyMz±^titzr^- 

y, tfzit (4) m<?>*i>K)jjX'±s&ztitzw.m>*?-yizm^x, mm (-t^h-h, n 

[00 56] 

loeDHSSff^g-m. fA-y^/Hy^-'J-fy^i ;^-y H*i<5D#b' -y b^bU— J* 

IZM* iZftfcfiZ, . &^jr -y h r k t. ffifgh* 7hx, H 1 <JD«jSflF^»A^«50-r- 

/M3 itfA'Uf'f t'-y by, feet t*ss 2 <*>fii(£flr*Hi3{p ayf—)VH X W n° U t- 4 b' -y h 

[00 57] 

•fS. #li(f . WS«^B#raraPB (Miff. 1 0 5 U#\ 2 0 = U#\ iJfcfct-WxJafl.) . 
[00 58] 

BEtiaasn-c^siot. oFDMii^fAtu #^S5ia^;:£^-ci*f>ti&ff 
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[00 59] 

y >7'%^Tcr>mm?-^>*Mzmm-tz> . ^^w^fc/^y?^ 'j y^se 

[0060] 

12. #Sa^-^>-^ (-t^hib. &fflWm.-*)-y^-*ry*>V<r>%m% : £— F) ?)SNR£ 
Hiff-r-?.. M I M Ot- b'K?l-tlt#r S O F D MyXfAtti. 1 0<7)@3pE- h'CDA 

[006 1 ] 

X-r'yT414T"ii;. SNRCi^^t, #fsi£f-^ y^Mzk oT£S£*l& 1 ^|s|IE^ 

tyMC**ti0. 5t'-y h cDX^r .y T^M Xt 9 & . £ 9»HV»^ML;£ffifflLT J: 
V*. JJcfc, Xx>yT416-Cii. ^E^^y^rtt^P^SriSlRt, fflffRtf-y MR 
/SBPHWfctSiiT'S Sid fcrtf-s . § fci¥L < %m$m*f& i. o ffioSS (Wi 

[0062] 

vvy&sm&smri'h. Mt. ±mmi-^y*>uzm^xmwztL&ffimid>yhm./$z 

fBB#*aflM"4ifcfci-5TMRS#t*. H«fc, -Xt 1 >yT420T(S. £T ^fcil-f-v 
y^/Kcfcwt, #B#raxa -y M^TlEj^S^W^^ix^f'-y h<^£ftifc£ffl»rf S 
. XTr>yT416(^UTjSiR§nfc^i)3^tfc{tl»^'ft;§n3tt'>y h/SMSB^R 

[0063] 

-y T422T"{i. xf -y ^418T¥flRS#ut-&tHR«flHlli: ylJ, tt£*)8r9»£ttJH 

htsiWJTiVv hlz^yf+^LX. xf-vT&Olz&^T'PmZtitztt^-ikZiv 
fzt'v bo&fHR**K>*. iWC XT-'y7°426-C"{±, ZtlX vv6rV*fipiHfr& 

o 

[0064] 
[0065] 
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XT--y7°432T14. &&;m j f"Yy*Mzjttt& SNRfcWKWi. 1 ocoHttJgSRTii, 

f 1 $ ft & 1 ^WE-^tCM-r & mm t* y b S£ S- . SNR tC^O'l ->T «rT S . Xf» 7°436 

& 4 3 tf~l> * H4 btOX-r-yT432 . 434, i>j:t^436i4. H4 aCOX^ -y 7°412. 414. 
fc4t£416te*tJfrr§ 0 
[0066] 

XT--yT438T'J4. H t S NRCOffifflfcR-f SSjMf-^y^^, 1 -fe^P* > 

J4, 1. OSr^Ll. Scofiffgb'-y h/^PIIB^-. KH2J4, 1. 5=5rv^L2. OOfflfffi 

[0067] 

frfe^-t > Hcf4. K , (K, {41 ja±f5ffiKtf«aR) *WSSf-W*^3Wt)RSaT 
1^4. Xf->yT440T14, ^-fe^yHctJl^T^ST* SWfgf.y hco-Smit . flp* 

*;k^H»RS<lT*J0, #fE3l^-v>-^;H4. N, ®<50fffgf-y h/^tfflia-^-fc P ; fflW 
f-A'fii^'Jf b/3SMEtt jaH-S. #ff#Pa1xn-y hT"(4. t^ybi 

fcitf^'J-r-f f >y KO^fHR*. K, - P, i: UCtttTU ff-^tSft/tb-y b^tt 

K, ( N ! +P[ ) fcl/OWW-*. 
[0068] 
[»4] 



X-r-y T444T'J4. N; fl^'ff fgb" >y b& 4VN t /R < RI4, ftfHNW&Mkl'— NT 
& 4 ) iwi 'J -r -f tJ 4?/-r-^b >y h £ . -fe^ y h i O^-fsMf-r y*;M3W 0 ST 
4. JJct, Xf--y7WCi4, N, /RMo^Utm i^tfx-rt'b-y h^y^f^L 

Xr-v7°448T14. iO^^SHf-^y^rtt^ N, fl^'lffli b-y bfc 

J; VP ; IWi 'Jf-f 13 4 t^f-^h' ■yb*. fSM^-v y^;K0^MIB^v >y h . 
[0069] 

=5rSS!lt^*5 4 tfflr^fbP- b S:«ffl-r s cox\ >*)\,±.vmmt$ti& b -y 

[0070] 

it 1 fcli. 0 . 5t'7fOXf -y rrfA XSrffiffl LT , fiSfRb* >y h3lt/S3liB^>Jtffl: 
Jfr^cOt^T-SSilS. i^t<7)W^-tt (quantization granularity) ( 

&^*> N o . 5 b-y h 4 *) i>m&< ) . k i ■ n i j&smxb hzt &&wct> h 
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*tr , i m*zy* y h f*tc\ i t" -yhi mt£%.A-f&<&m&fo h t jtOTcfcifur 

[007 1 ] 

OFDMyXfA (i:<t, M I MOt- \ t ~CWltfr~i~& O FDMyXfi ) £53ILT, 

i<oma«w<^>'^f-iruv^^r^*fl6fflL , c, #b?v 

— hT(i (r— rt'tsitX^tU-r-f b-y b#'«Jt$;fl.T^£ J: 9 & . i^<^y?ft§ 
, f- /^iV^UT-^ b-y l^W:J:oT«?liSL -^ix 

[0072] 

Mtli, l-fe^OOHctt, 2 Offlm 6-QAMtfaaffleWH6KS*i.'CV^. 2. 7 
5flWlt«yh/IEPiB#^)SM*SS-rssNR*^5. r^^yitli, 201 

C^flSfe-^fc^T , 5 5ffl«'Hfffib'-y f- (55=20X2. 75) &&&%tl& . # 1 

, 8 Offl<JD^-ft:§ il/tb-y hW£B-?$>&. 5 5 fiOfiffgb-y N Sr 1/3 l/-lOfff 
IsTif^-ftLT, 1 2 2{0^-/WoJ;tmyf-'f b-y htiitf 5 5ffl<9«f6b*-y h££ 
dft^oi 2 2®9'r— ^tJii^UTM b-y hSr^y?-?-^ LT. Wyb 
tae3Mr3 5ffl£>-r— /I'tJitf^'fJ'r-f tr-yht»4. ieo-fe^^hfcfi, 5 5 ©Off 
$gb-y h^ffl^T, 8 0l^^?^t*7 h^«^§^TV^ 0 
[0073] 

f-V—y'ZtitzmMte&WJ'r j b-y h£^fIU t— A* i^U-r 4 b-y h<?3— 

Ti^vMMRs f— /K fci^'Jf-f b-y h^-^?iJ«W^S^b">y t-^#S^ 
■6. ffifgb-yl- (a«EWb*v hfcfcPftrftft) £t— /l/^i^'Jf ^ b-y J- i^c^y 

lt t> i < , ^wm$mmmmnx*fo& . 

[0074] 

-^^B117x«lOtf0|||i©g.««lllT-S)S 0 n>^-^B117x(i:, Hlc^y? 
ail7c01*ltf0«^T&^o A*y?f-viaHl7xW\ lo<7)|fiS;fg2rffiffltT, t^V 
hi Cfc^T^lst J: -5 Q i Mco-r-^fciW^y^-f b'-y h£>£>. Pi 

[0075] 

tlfz'r— )Vi5 it/^y-r 4 b'-y h y[ NT Sit/z , N T £ s x>f -yf-3420 2oc9Ay l J 

X-f-y ^342(4. h 7Vfc2L=. -y b348^0®JMI^Ktt#LT . y : nt^ 
x-zt-fc it/f^U -r >f b-y h £.£iliz j N T <7)x— /Ptii^^'J f^t>N?:7'f >343 
^fttt-f*. XW >y^342ti0. 2-P<0-r-;Pts±V^UT-^b>h(?5^hU-A*3E 
Stc-f •g.i^cj^T. 2o^«j£^S^^-/Pfej;tmy^b-y h^L<® 

[0076] 

S5ieDfHRi§352fcL =E^a— n-QJlflltefr^T. f WI^WQ- 1 Sli^f t, 7 
'/Tr^^W, m2«ltf*^354i±, Q«f- ;^it/^Vf^ b'-y h£ ( lffi})- 
) ftitt&« #t^>bm^, ltiScfi352fcJ;V354(i:*^tt-b'n^iS5ESti, X-i 
•y^342fi. T-yTfiBT-fcO. X-f -y^-344SrffltT, vn^7l/^mflItWW* 
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ZbizX^X, Sn^r— /l^fcli^Ur-* tVT-yi N T o **v;Pf-TPjJ'l?346*>fe 
ft^^^lS, #^^n./^-tf^^^T"{±, ifM352ii. U^y b£;fu It 

*Afl354i±. 1 J>fy^ 'J^yVSnS. ftitf§352<Offiii. mfe3-~vh356^m&Ztl 
So fHR»3B23i^E^jt— n-Q<?3«9t*»4 (-f*^, tt^352(7)|*I^7>yTT7 
^b'ti) >343±«t-— /kifci^^U-f b*>y HiX-f y ^344Sr1>LT V 

th'-y hi: LtW^-rS. f-^i!tliA'iJf-( b"-y btP?W?ls ?-9"346*>& 
fthtzmz „ h ?)V3-=- -y h 348lZ®mm^-cr>WM$: h 7)V L . ffi^-A-fc X U 7 1 
■< b>y h 'J— >-343M*^$fL-g. . Jt(fca-- v h358fc iot^Si/xS i t fc 

•bXfiigK. 
[0077] 

[0078] 
[0079] 

losonM^^Tti. mm^&fzMzwtRztitz&^LfcR («ior, qpsk. i6- 

Q AM, 6 4 -QAM, sfirif > fc&Wt. /'L-fVyty^ffifflU, S£fl*5*f!)M# 

E8lrttf>j££je«>4. S [ B£IS«rri>J:ofc. ^Wv-yty^ti. i^WiDS^ 
[0080] 

H5I4, 1 6-QAM^fl-^-iE?IJT'\ #^/l/^f 7 7 ey/JSo^ At* S 
. 1 6-QAMtf>te#fi#HCli, 1 6fflC0^«J^Stl.T^T. *j£Ctt, ^4h'-y h 

3 eaoffi{± . 2 b >y h Q.w&m& & > . 

[0081] 

4oO#^ft§;fi*;b'>y h (bj b 2 b 3 b 4 ) <7)#^Vl— 4o<?)^3F-^ft;§fL5tb* 

40£?)if-f-iT:s^b'>y hco ( "oiii" ) cofii(±. m^fflft&.ttv^v-rztL 

Z.v>j5}±* 4-?cDttmt%tit:t">y h0>2S&Eft&&h-t. 1 6-QAMtll #^ 
MIB^-ti:. fi^-ge^iJrtiT) 1 ell^^^^Soloco^^^L. ^<^j&&4otfDflF 

^b^fL^b'-y h^fci-jtfli^ixg. #^piia-f-i±. mmm (c+jd) t Lxm 
mzti. Kcojoiif (-r^^fe. eh f*jcom i m or n-t-y -+M20) ^m&ztiz,, 

[0082] 

tv7TL^^. ±M^jfci3v^T, mmztitevt^tztittvh ( -oiii" > 

51&fl[geDjfi< (M£t£. "oioi". "ooii". "oiio". ifcii "ill 
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M*)-&5fi.l±. lbVh&«#7i(tll&£fI£*-f-£OT\ v>y by^i4, ift"9<?) 
[0083] 

H5J4, 1 6-QAM<ofi#KMK*i(t£W5&9$' , W V7fy/M^U^5„ ffi 

(Mi.(i\ 8-psk, 64-QAM, =fle fcr > com -^ffijij t> , ftSv^iiflfco^p- 
^V^b-y^^T-V-yTSa-l.,, 3 2 -QAMiSitA'l 2 8 — QAMCD J; 5 5r35ll7fst 
tcfcV^T, S££2r ~7 y b y ^st^tg-C^ V ^i: # {± . gfcfrtfFfc ^'V-Y v y b y 

ffl LT t J: < , ^Wfl^SWWaHrt-Cfe* . 
[0084] 
M I M omM 

H654, M I MOTnt -y-tf 120x« 1 v ^MTfo 0 , MI MO 

7n-fevfl20xll Hlc^M I MOTnb -y ^120m ^Offi)£T'*>& » ^PIE^t4, ^ 
ft^jSdBr^^f- ^y^AdiT, fc*6<I4iMR^)iS®T>'T^-3&»i9fiaiS*i*. MIM 
0^-KTlWW-*t*l4. #Jf«^7'>-r>^;P±-C\ #M«Ty^7-^ (4 

[0085] 

MIMOrn-fe7tl20x|*Itll f7;H-71/^f (demultiplexer, DEMUX) 610i4„ ^ 
IfllB-^SrSfi LT s ^tfccD-lf yf-r y */HB^x h >J -A. S j ^V^L S L ^fv^f 

COM I M07n-fe ■y-9-612^.f*$&SilS . 
[0086] 

-^y^y^JVCOM I MOm-tr-y ^612(4. SfIL7^7>^ y^l-fB^X h U— A 

*»tf> N T «t'«) E^-y-/xi y-A^\f7;i/f 7l/7?xL 

#77f7"tC, 1 *^tE^77'-X b U-A^ffifflLT. St3HB#*fiiS-r4 . OFD 
MyXfA^M I MO^E— HTS&f^f-S t #(4, #^7>-r y^/P<7>M I M07n-b>yf 
61214, IMconH ( 1 ) tL,fc^TN T l (iTO) ^ffllB-^SrWiullffiLT. VgjtH 
»Sa7c^ifflf5-f-S:^L. -ei0f*T'f5i*-rS o MIMO^-Ktll ^cOiMflTVT- 

[0087] 

/VOM I MOra-fe>y1^612(;j:-oT^§3fxT. N T ffl (iTcD) IS-f*^&ff616a^r»,-> 

i * ^ l n T comw^ft -v y i ms^-t * . Hiit^ raaaw^/f- + y l ^ 

fUO^T^fL^yf-^y^OM I MOTnb-y-9-612 Hi. N T ffl (£T<7)) tB^-£ 

, 7yfti4^LN T «ofliaaw-rf-+y^L^ffiiftT4. #^^616(4. L^ja 

^Sr9-7'^^y^;Hcfc{t4*fuPSSix^^i«ie-f-^SfiL. »70 7M:fcvT 

) MMfr«. 

[0 0 88] 

MIMO7n-t7tl20x(l 3ElffltS^£Sff LT. WL N T WfQjfflBft*.? b;V 

v, &-^lv t £, liiftry^T-ti^iiiB^^b^'p. #7>ft« 
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[0089] 

•*f7"^-^y^;PcOM I MOTn-fe-ytf612(i;, M I MOt-KCfcVit, ^f^>*/HR 
SltMB (full channel state information, full-CSI) Sfctigf!^— C S I SO^SSrUff 

SWt. KiWic -f *— ^'/I'fcitf'r-fxx— r/i'S^i.s. fliRJf. c S I eoj&Sii. ft 

. cs I Matt, — je«o*fK a«U>-^*W]iSrSNRt^rt"4fcSfc:, 4* 

£c s i ijj;tfas#c s i eweuni, ±Mto*H#f T ttiIimo9/532,49i^ 
$ 6 izW L < IBtt$ ixt ^ & . 
[0090] 

fE^.?r-/l/V 1 %UtV T (i, S3ISl22a^V^Ll22t-NJ?-iL'Wl.«B&S*l&. H6t 
jS3*VO*4S8il0R!BTIi. 4£EW»122fc(4. I FFT620. jfHITl^ ^ >y?Xf&fcil 
622 . fcil/Tv/^yv S- ? 624j&*«j£ S *rC ^ S . 
[0091] 

I FFT620(i. SUSST? — iJX^i (inverse fast Pourier transform, IFFT) Srfgffl 

lx , *^uts«#^M^ *<m$mmim (of dmh^ trntta,) ^ 
sesw-4. i fft62o«±. ffi«fota 8*. i 6*. 32*, =srif ) wjaaat 

^ 7> * y *;P±T" . IFFTJ ggff$- & J: a fcS&r"*- S £ 4: 4 . 1 OOHSW® 
S622(i. OFDMfa-§-COB#^««*3S^-a5^RaLT, #£07yft«gM? 

mm^m^mmiznt^mco^i.^mth. iFFTem^xx/mmrv 

[0092] 

iM" *Hf) (i, T-yrny^-^624^J;oT®Il$tL. T*-n^f§^\3S*S*u RF 

II) RF^Ilfi-^ii. #ry-r^l243&»i!>®SS*i*. 
[0093] 

OFDM^i)St;o^-C(i, ifctf; ( "Multicarrier Modulation for Data Transmission : A 
n Idea Whose Time Has Come" , by John A. C. Bingham, IEEE Communications Magazine 
, May 1990) (CBBSftTtS 9 , *fmm?&ZtL*&2$Mb LTJR 9 ±WO *S . 
[0094] 

M I M Ot- P*t»ti#t O F D M y Xr A til MIMOTU-fe >/ifl2W±. 1X9 

■f-^ btbt>tL&<, iklz^ Z\(?)^9 b;Hi^iffl^l22^ffi^§tt|.. ( M I M 

oqE _ FTIi^r < ) fSSM^ A— >"r 4 T-i&ft^-i. OFDM S^x-r ATii, f^f/l/ 

K-f-fi. N T ffl *6-&*S^ffite§iT.£. 
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[00 9 5] 

H 7 « . M=5r & fei* te*t L T m% h £ ?t o £ i: # £ i^x -f Al 10 y commmMco 

-^X h y-Att, MWfty^^H -U-A/^V?^ JIB/IS^-? 'y b° 
3^712^^$ ft. ie-f-V vb°y^*^-712«±, f «f-^ f -vy^W h "J - A|C 

[0096] 

ff^ftfi, f+^A-rtl: (-f^fcfe, muz^ixX^h^-i-^y^V'r-^xbV 

>v*mm->x. &mm&±x\ ±tz\±m^ stsl &£ummmcmm3--'vb±x\ 

[0097] 

#*rtts/f--v >- *>M y * - U — ; V SSt/1E#v >y b>-^3g^712j&> 4 « 

^pia^-xhu-^ii. ^astt^?-* y*n<±t\ a^^jss8^:/f-+y*A'^aya 

XM/— ASM*"*. #3QSBE^bU— AtcafflStl.*^— KK«e#Lr, MI MO 
7°ab -y -9-120 y{i^PIB-§-X t- U -AS#»<?)t/f t y*AW* h 'J-A'Vf^/V 

i-yvvrx-th, m7 iz^-ztLx^&msmmx-te. sw#^mj— As t is, jgjft 
irf 7^ y*/i^h-efsi*$ *u sspbb-^x h i» - a s K iiL*«jsiif9W-/f-t y 

[0098] 

^f^y^rfcfc-r-^fcfiFtftLT. SOW*. HKfc. £««$Bi. BE£I2»L 
cogfcfr- C S I **:{±£-C Silt — jfttSfttta-^ h^^-Cf'JlFfStl, 

. j&mw&j&zivz^&isffli. i mo, 

OFDM. *fcliflfi<0jlfi^ («itf. CDMAM) tioT^StLS^jKcOMfO 
[0099] 

H8{i. v-XT-Ai5o<5oa^-ft,gp^tov^T<73 1 r>cr>mmmm<r>y'u - y ?mx-hh» aco 

[0100] 
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H8^Stl.T^i,J:ot^ ^mLf^mUmt. b-y httmitmit (log- like li hood r 
atio, LLR) tf^JL^-y M58x-'V6BfrS*l. b> h LLRfHtx^v M58x{i. #^tffl 
fe#Sr«(£fCV^b*<y ^-^m-^H(i (U-y r-fcfflSWS) L 

LR%mm-&<DX\ b-y 1- L LRffffi- -y M 58 xJJ. #Sft L^W-f-^§a?t b"-y 
h«LLR£ffiii&-f-£ 0 #SmL^«F^t.SfL^b"-y b«LLR{±. S^lLfcW^tlStl. 

[0101] 

gttfa^ Lactate. Mjl^^^^t'.y b (bj , b 2 , . . . , b M ) 
tv #-co#^faie^-S^^L. S^^lsJIB^T (S) ^v-yT*f-& <ThS:;b^ 
^fi^E^^ll^S ) . ^PK-t^. SflLT. SfiLT. S^cMJILT 

, SBLfcssrae-SR (s) a^fi*. astfcSEWE-^rt<oflrM:$*ifctybb n 

«HRI1 ^ ( 2 ) eoidtcfWCS*. 
[0 102] 
[R5] 



LLR(b m ) =log 



= log(p(«(S) | ^ =0))-log(p(/?(S) | fr m =l)) 

= logf £p(i?(S) | r(S)j]-logf £p(r(S) | T(S))j 



(2) 



3ri5P (R ( S) I b m =0 ) ii. Sflia-f-R ( S ) fc*-?<tfy hb m #-t?crC*4* 
tz) flft"7bt "fg* (erasure) " &J?AtT-£> 0 fH3Hi, HRfc, -bn( "0" )C0ffi 
[0103] 

35 ( 2 ) SEtllE^<o«®Lfc«P*a:S#utt'y h<0LLR3&«BMMtlt6*i4«|ft| 
[0 104] 
[0105] 

^-#'fl^sl62x«S, JtHSS810at>J:tJf810b. fl»M812a*sJ:t*812b, 
-U-A814. 1f^-fW y^-'j-A'8i6. tiit^aSWttiWftRSitTV^. loon 

JBRttfli, 4H*9*812Ii, V7 h-A^j/V^ r—tfWj (soft- input/soft-output, S 
ISO) CDSAW*: (maximum a posterior, MAP) LTflllR**!*. 
[0106] 

fln3¥3S810a{i: s gfaLfcfSfSb'-y hcOLLR, tfcMLLR (x 1 ) s t5 1 X/f A V 9 

-y-A8i6^« ( lii^Rfcii, •tfotsssfro**) jwHMgfcsseuT, 
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[0107] 

ffi-^S812a(i. JP»S810a3&^^«jE§^LLRfc. £ 1 «0«W&Hrf»*»S>*>Wil, 
fc-r— /t-tSit^U-r 4 b*>y h^LLR. t4fc%LLR (y' ) h£gftU SSUfc 

^S812aA><9<7>iWHllfB±, »f#§810b i -»TSff fff#gb*>y h L L R t MMZti, R 
ISft^LLRfiW^/ y^-'J-^N'814^ieft§ixS. U -A814Ji, 

[0 108] 

fl[#«812bli. -f^-iJ-^l^W-f^-iJ-rSftfcLLRk, IS2<7)fi§]$;W 
^^OSfiL^x-;W3itK^y-r ^ f-y h^LLR, -t^r^^LLR (z' ) fc £ 
SftU SfiUiLLRSrfX-^LT. SftL^Wffif-y h01K*fS£3 tWiELfc^ 

asit^g^^t-^ . a^^i2b3^fe^a5flrfBi. ^f^y^-y-^sietieii^ft 
sSii . >r > * - y -^'8i4 tj v ffiffl § ti-c ^ s a v 9 - y - t mm?i> 

[0109] 

. «RflWr«iES*UtLLR*«ffi»818^«»L. tftifJS818(i. LLRfc*^WC»I 
[0 110] 

V7 htil^JiOt^b'T/l^d'yX'A (soft output Viterbi algorithm, SOVA) ^Hfff-S 
[0111] 

^— #'fl-^-fW~OViT(4, Steven S. PietrobontC J; ( "Implementation and Perf 

ormance of a Turbo/Map Decoder" , International Journal of Satellite Communicati 
ons, Vol. 16, 1998, pp.23-46) fc J: 9l¥L<IE»§ttT*3 9 , ««ttlt .Tft£# 

[0112] 

#^^V*/l^^£*UtSNRti,. ^McOtt^K/W (fi&Rlf, 1%<0FER) 

fcwc, i^ffflfE^mt£#5»>'ff$gb*-yb ti&oimvvbu-h) 

If, 1. h/^Pie^b'-y Mi, QPSK, 8-PSK, 16-QA 

tWSaftWfir^ftSflfc t* -y h fetss^-* ; t £ . 
[0113] 

•yf^, l^PiE-^fcM^-i.Wflib-.y J3B«0Wtc4iVvC. QPSK, 8 

-PSK, tsitfl 6-QAMT'(i, l3BH£#e*tLT2. 3, £ J:l*4M05fl 1 <H;$ 
tltzf-y h&*tLWlG&-r*Zb&-?$ & . 1 - 5tffgb'-y b/^ilie^Wfgb'.y h 
U— hTIi, QPSK, 8-PSK. iHlfil 3/4. 1/2. £ 

. Lt^T, 3EM^fcflr^bl^-hk<?!)»3r*ffl^^*rii:li. =l#5&0'ff$Bb'-y blx- 
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[01 14] 

fc» "fiHKr" -ffl^ (-T^*>, aW-W^-H iffiffl-TS. -ji^^S^U-^ 
a McilLT. «fc 0 fiiJc^aH^S' . i "9 fSHWrflr^ t a^frTffiffl-f * i t fc J: "3 , 

#j»LT. H«»WHMc*W-*tf>y h- LLR«RJK£f#&. *o*»e> 

J: Oft&^iKjsU 0 «>, J: 9&v*ttl6&*»6;h.4. 
[0 115] 

*=*ttiV^T. n/(n+l)£Lh» n/ ( n + 2 ) filrt ( n|±, lSSHWfciMN&W 
[0116] 

fctfiffHte-C**. M£Ji\ v-X^-Afi. 1 024. 2048. &J:tA'4096 
[0117] 

OFDMyXfAt'll WWr7V-Ali, ( 1 ) F D M|E#. ( 2 ) 

AftcO'Jffgt"'/ , i^iac: Ufcsido < . 
[01 18] 

locoHSfe^ffiT-ti. AJ;L OFDMta#hJiillH«fc:Hi5e£;fxl>. 

m^y^ui, 3SR#**fts*u. mz, n^tztitztv bzmmLx. tmzm. 

#OFDMie^Cll %m<n7-?J^-ybfr^ft^4t1SfXtzt'-ybbm!ib?>il.& 
[0 119] 

U-MZit, ( 1 ) ^**y*)V±0)&&f>gaKE&* (2) OFDMIS^-. *^{4 ( 

ft itoaSSIfcii V ^T-> t > ? ^ S ~ ffiCO ? - tflf^fc i V>V >f V -y t° y ^ ( b i nary 
Turbo code and Gray mapping, BTC-GM) £ffifflt"S<Ii:T\ ^WFy^frifi'^ hiXh . =t 
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V&MTfo&tiK J: D WftZt ?—tfhU0 X^mt^M (Turbo trellis coded modulati 
on, TTCM) jjjS,£0i>, BTC-GMMI1 H^T^^'J: 0ffi#T*-g>^\ TTC M 

ttt#£>*U>„ BTC-GMMtl W£ht^y?^*r')y7>^*-9(n\>hX\ uA 
X h Z&mh^t h . $ 6 1 JniT . affiffififfHT«*~«^-»K«-9«fc«ffl LT . 5ffi 

[0120] 
[0121] 

[Hi ] ^^cos^^^itxiijfi^s-^ifT-r^iii^T'^^^SA^^mm* ( 

M I MO) afl^X^A^H. 

[02 ] M I MO^X^AtCfcViTN T ^Wl^MftT^^-^^^WOFDMeMS: 

[H3 a] mmm%ttw&Mtf%%h<rm> 

[0122] 

[03 b] ^^3*lfc«&W5^»0)EI. 

[03 c ] Vm\t^fttz\- v hcom*co^>7j-T>V>7'*'€?tztbt,zmmZtL&. 

[04 a] ^-^im^m^^t^ritzyz^v^^m-^tz^^it/^y^^^ 

[0123] 

[04 b ] f-^fiit*S^fffft$li/;t'7 h^WfifcftOflr^ft/^'sy^f-^ 

[05] 1 6-QAM«fl^I^Jfcj;V^(^^V-<V-yb°y^^c7D|2|. 
[0124] 

[06 ] M I MOy°u^y^<7)l^c?)M1Mmc7)7'~U'y7m<, 

[07 ] M^^fE3MtMLTM^S^a^fi3i^^T'#S^x^A^)l^^||]tfifM^ 

7"n>y?0 o 

[08 ] ^.m^X f-^mmYM^z-DV^Xcn 1 o«l»l«7'n y ?H. 

[^«M] 

[0125] 

100. 110. 150 i/XfA, 

124. 152 ryft, 

3 2 2 flfcfcBF^flk 
3 3 2 jKEPff , 

3 34 Jnffig. 

336.342.344 X-f •y-f. 
343 54 V. 
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CODING SCHEME FOR A WIRELESS COMMUNICATION 
SYSTEM 

BACKGROUND 

5 

I. Field 

The present invention relates to data communication. More particularly, 
the present invention relates to a novel, flexible, and efficient coding scheme for 
10 encoding data for transmission on mnl tip le traiismission channels with 
different transmission capabilities. 

II. Description of the Related Art 

1.5 Wireless communication systems are widely deployed to provide 

various types of communication such as voice,, data, and so on. These systems 
may be based on code division multiple access (CDMA), rime division multiple 
access (TDM A), orthogonal frequency division modulation (OFDM), or some 
other modulation techniques. OFDM systems may provide high performance 

20 for some channel env ironments . 

In an OFDSvJ system, the operating frequency band is effectively 
partitioned into a number of ■frequency subchannels'; or frequency bins. Each 
subchannel is associated with a respective subcarrier upon which data is 
modulated, and may be viewed as an independent 'transmission channel. 

25 Typically, the data to be transmitted (i.e., the information bits) is encoded with 
a particular coding scheme to generate coded bits. For a liigh-order 
modulation scheme (e.g., QPSK, QAM, and so on), the coded bits are grouped 
into non-binary symbols that are then used to modulate the subcarders- 

The frequency subchannels of an OFDM system may experience 

30 different link conditions (e.g., different fading and multipath effects) and may 
achieve different signal-to-noise-plus-jnterference ratio (SNR). Consequently, 
the number of m formation bite per modulation symbol (Le., the information bit 
rate) that may be transmitted on each subchannel for a particular level of 
performance, may be different from subchannel to subchannel Moreover the 

35 link conditions typically vary with time. As a result, the supported bit rates for 
the sttbchannels also vary with time. 

The different transmission capabilities of the frequency subchannels plus 
the time-variant nature of the capabilities make it challenging: to provide an 
effective coding scheme capable of encoding the supported number of 
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information bits /modulation symbol to provide the required coded bits for the 
subchannels. 

Accordingly, a high performance, efficient, and flexible coding scheme 
that may be used to encode data for transmission on multiple subchannel with 
5 different transmission capabilities is highly desirable . 

SUMMARY 

Various aspects of the present invention provides efficient and effective 

10 coding techniques for a communication system capable of transmitting data on 
a number of 'transmission channels" at different information bit rates based on 
the channels' achieved SNR, A number of coding /puncturing schemes may be 
used to generate the required coded bits {Le v the information, tail, and parity 
bits, if a Turbo code is used). In a first coding /puncturing scheme, a particular 

15 base code and common puncturing is used for all transmission channels (e.g., 
all frequency subchannels in an OFDM system, or spatial subchannels of all 
frequency subchannels in an OFDM system with mnitipie input /multiple 
output antennas (MJMO), as described below). In a second coding /puncru ri ng 
scheme, the same base code but variable puncturing is used for the 

20 ti-ansmission channels. The variable puncturing can be used to provide 
different coding rates for the transmission channels. The coding rate for each 
transmission channel is dependent on the information bit rate and the 
modulation scheme selected for the channel 

An embodiment of the invention provides a method, tor preparing data 

25 for transmission on a number of transmission channels in a communication 
system, e.g., an orthogonal frequency division modulation (OFOM} system. 
Each transmission channel is operable to transmit a respective sequence of 
modulation symbols. In accordance with the method, the number of 
information bits per modulation symbol supported by each transmission 

30 channel is determined (e.g-> based on the channel's SNR). A modulation 
scheme is then identified tor each transmission channel such that the 
determined number of information bits per modulation symbol is supported. 
Based on the supported number of information bits per modulation symbol and 
the identified modulation scheme, the coding rate for each transmission 

35 channel is determined. At least two transmission charunels are associated with 
different coding rates because of different transmission capabilities. 

Thereafter, a number of informatiOFA bits is encoded in accordance with a 
particular encoding scheme to provide a number of coded bits. If a Turbo code 
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is u&ed, a number of tail and parity bits are generated for the information bits 
(the coded bite include the information bits, tail bits, and parity bits). The 
coded bits may he interleaved in accordance with a particular interleaving 
scheme. For ease of implementation, the interleaving may be performed prior 
5 to pvincturing. The coded bits (e.g., die tail and parity bits, if a Turbo code is 
used] are then punctured in accordance with a particular puncturing scheme to 
provide a number of unpunetured coded bits for the transmission channels. 
The puncturing is adjusted to achieve different coding rates rs eeded by the 
transmission channels. As an alternative, the puncturing may also be 

1.0 performed prior to interleaving. 

Non-binary symbols are then formed for the transmission channels- 
Bach non-binary symbol includes a gioup of interleaved and unpunclured 
coded bits and is mapped a respective modulation symbol. The specific 
number of coded bits in each non -binary symbol is dependent on the channel's 

15 modulation scheme. For a multiple-input multiple-output <MIMO) system 
capable of iransiniuing on a number of spatial sisbdiarraels for each frequency 
subchannel, the modulation symbols for each frequency subchannel may be 
pre-conditioned prior to transmission, as described below* 

The invenhon provides methods and system elements that implement 

20 various aspects, embodiments, and features of the invention, as described in 
further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The features, nature, and advantages of the present invention will 

become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 

FIG* 1 is a diagram of a multiple-input multiple-output (MIMO) 
30 communication system capable of implementing various aspects and 
embodiments of the invention; 

FIG. 2 is a diagram that graphically illustrates an OFDM traiwnission 
from one of N T transmit antennas in the MTMO system; 

FIGS. 3A and 3B are diagrams of a parallel concatenated convolutions] 
35 encoder; 

FIG, 3C is a diagram of an embodiment of a punctvuer and multiplexer, 
which may be used to provide variable puncturing of coded bits; 
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FIGS. 4A and 4B are How diagrams of two coding /puncturing schemes 
for generating the required coded bits for a data transmission, which utilize a 
particular base code but common and variable puncturing schemes, 
respectively; 

5 FIG. 5 is a diagram of a signal constellation for 16<JAM and a specific 

Gray mapping scheme; 

FIG. 6 is a block diagram, of an embodiment of a MIMO processor; 
FIG. 7 is a block diagram of an embodiment of a system capable of 
providing different processing for dif ferent transmissions; and 
10 FIG- B is? a block diagram of an embodiment - of the decoding portion of a 

receiving system. 

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

15 FIG, 1 is a diagram of a multiple-input multiple-oxitput (MIMO) 

communication system 100 capable of implementing various aspects and 
embodiments of the invention. Communication system 100 can be designed to 
implement the coding schemes described herein. System 100 can further be 
operated to employ a combination of antenna, frequency, and temporal 

20 diversity bo increase spectral efficiency, improve performance, and enhance 
flexibility. Increased spectral efficiency is characterized by the ability to 
transmit more bits per second per Hertz (bp^/Hz) when arid where passible to 
better utilize the available system bandwidth. Improved performance may be 
quantified, fox example, by a lower bit.-error-rate [BER> or frame-error-rate 

25 (FER) for a given link signal-to- noise-plus-interference ratio (SNR). And 
enhanced flexibility is characterized by the ability io accommodate multiple 

users having different and typically disparate requirements. These goals may 

be achieved, in part, by employing a high performance and efficient coding 
scheme, multi-carrier modulation, time division multiplexing (T DM), multiple 
30 transmit and /or receive antennas, other techniques, or a combination thereof. 
The features, aspects, and advantages of the invention are described in further 
detail below. 

As shown in FIG. 3, comnvunicii lion system 100 includes a fust system 
110 in corruriuni cation with a second system 150. Within system 110, a data 
35 source 112 provides data (i.e v information bits) to an encoder 114 that encodes 
the delta in accordance with a particular coding scheme. The encoding 
increases the reliability of the data iTansmission. The coded bits are then 
provided to a channel interleaver 116 and interleaved (i.e., reordered) in 
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accordance \vith a particular interleaving scheme. The interleaving provides 
time and frequency divert ty for the coded bits, permits the data to be 
transmitted based on an average SNR for the subchannels used for the data 
transmission, combats fading, and further removes correlation between coded 
5 bits used to form each modulation; symbol, as described below. The interleaved 
bits are then punctured (i.e., defefed) to provide the required number of coded 
bits- The encoding, channel interleaving, and puncturing are described in 
further detail below. The unpunetured coded bits are then, provided to a 
symbol mapping element 118. 

10 In an OFDM system, the operating frequency baud, is effectively 

pajiitioned into a number of "frequency subchannels" (Le. r frequency bins). Af 
each "time slot" (it?., a particular time interval that may be dependent on the 
bandwidth of the frequency subchannel), a "modulation symbol' 1 may be 
transmitted on each frequency subchannel. As described in further detail 

15 below, the OFDM system may be operated in a MIMO mode in which, multiple 
(N T ) transmit antennas and multiple (N„) receive antennas are used for a data 
transmission, the MIMO channel may be decomposed into N c independent 
channels, with ^ N 7 and N c £ N^- Each of the N c independent channels is 
also referred to as a "spatial subchannel" of the MIMO channel, which 

20 corresponds to a dimension. In the lAIMO mode, increased dimensionality is 
achieved and modulation symbols may be transmitted on N c Bpatiaf 
subchannels of each frequency subchannel at each time slot. In an OFDM 
system not operated in the MIMO mode, there is only one spatial subchannel. 
Bach frequency subchannel/ spatial subdvannei may also be referred to as a 

25 "transmission channel". The MIMO mode and spatial subchannel ace described 
in further detail below. 

The number of information bits thai may be transmitted; for each 
modulation symbol for a particular level of performance i$ dependent on ihe 
SNR of the transmission channel. For each transmission channel, symbol 

3D mapping element 118 groups a set of unpunctured coded bits to form a non- 
binary symbol for that transmission channel. The non-bmary symbol is then 
mapped to a modulation symbol, which represents a point in a signal 
constellation corresponding to the modulation scheme selected for the 
transmission channel. The bit grouping and symbol mapping are performed 

35 for all transmission channels, and for each time slot used for data transmission. 
The modulation symbols for all transmission channels are then provided to a 
MIMO processor 12(1. 
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Depending on the particular "spatial 1 ' diversity being implemented (if 
any), MIMO processor 120 may demultiplex, pre-condition, and combine the 
received modulation symbols. The MIMO processing is described in further 
detaU below. For each transmit antenna, MIMO processor 120 provides a 
5 stream of modulation symbol vectors, one vector for each time slot Bach 
modruation symbol vector includes the modulation symbols for all frequency 
subchannels for a given time slot. Each stream of modulation symbol vectors is 
received and modulated by a respective modulator (MOD) 122, and 
transmitted via an associated antenna 124. 

10 In the embodiment shown in FIG. 1, receiving system 150 includes a 

number of receive antennas 152 that receive the transmitted signals and 
provide the received signals to respective demodulators (DEMQP) J 54. Each 
demodulator 154 performs processing complementary to that performed at 
modulator The demodulated symbols from ail demodulators 154 are 

15 provided to a MIMO processor 156 and processed in a complementary manner 
as that performed at MIMO processor 120. The received symbols for the 
transmission channels are then provided to a bit calculation unit 15B mat 
performs processing complementary to that performed by symbol mapping 
element 11B and provides values indicative of the received bits. Erasures (e.g., 

20 zero value indicatives) are then inserted by a de-puncturer 159 for coded bits 
punctured at system 1.10. The de-punctured values are then debited eaved by a 
channel deinterleaver 160 and further decoded by a decoder 162 to generate 
decoded bits, which are then provided to a data sink 164. The channel 
demlerleaving, de-punctuting. and decoding are complementary tu the channel 

25 interleaving, pxincturing, and encoding performed at the transmitter, 

FIG. 2 is a diagram that graphically illustrates an OFDM transmission 
front one of N T transmit antennas in a MIMO system. In FIG, % Ihe horizontal 
axis represents time and the vertical axis represent frequency- In this specific 
example, the transmission channel inchid.es 16 frequency subchannels and is 

30 used to transmit a sequence of OFDM symbols,, with each OFDM symbol 
covering all 16 frequency subchannels. A time division multiplexing (TDM) 
structure is also illustrated in which the data transmission is partitioned into 
time slots,, with each time slot having a particular duration. For the example 
shown in FIG, 2, the time slot is equal to the length of one modulation symbol. 

35 The available frequency subchannels may be used to transmit signaling/ 

voice, packet data, and so on. In the specific example shown in FIG. 2, ihe 
modulation symbol at time slot 1 corresponds to pilot data, which may be 
periodically transmitted to assist the receiver unite synchronize and perform 
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channel estimation. Other tedmiques for distributing pilot data over time and 
frequency may also be used. Transmission of the pilot modulation symbol 
typically occurs at a particular rate, which is usually selected to be fasl enough 
to permit accurate tracking of variations in the communication link- 
5 The time slots not used for pilot transmissions can be used to transmit 

various typos of data. For example, frequency subchannels J and 2 may 'be 
reserved for the transmission of control and broadcast data to the receiver 
units. Hie data on these subchannels is generally intended to be received by all 
receiver units. However, some of the messages on the control channel may be 

10 user specif ic, and may be encoded accordingly. 

Voice data and packet data may be transmitted m the remaining 
frequency subchannels. For the example shown,, subchannel 3 at time slots 2 
through 9 is used for voice call 1, subchannel 4 at time slots 2 through 9 is used 
for voice call 2, subchanne! 5 at time slots 5 through 9 is used for voice call S f 

15 and subchannel 6 at time slots 7 through 9 is used for voice call 5. 

Tlte remaining available frequency subchannels and time slots may be 
used for transmissions of traffic data, A particular data bansmission may occur 
over multiple subchannels and/or multiple time slots, and multiple data 
transmissions may occur within any particular time slot A data transmission 

20 may also occur over non-contiguous time slots. 

In the example shown in FIG. 2, data 1 transmission uses frequency 
subchannels 5 through 16 at time slot 2 and subchannels 7 through 16 at time 
slot 7, data 2 transmission uses subchannels 5 through. 16 at time slots 3 and 4 
and subchannels 6 through 16 at time slots 5, data 3 transmission uses 

25 subchannels 6 through 16 at time slot 6, data 4 transmission uses subchannels 7 
through 16 at time slot 8, data 5 transmission uses subchannels 7 through 11 at 
time slot 9 r and data 6 transmission uses subchannels 12 through 36 at time slot 
9- Data 1 through 6 transmissions can represent transmissions of traffic data to 
one or more receiver units. 

30 To provide the transmission flexibility and achieve high performance 

and efficiency, each frequency subchannel at each time slot for each transmit 
antenna rnay be viewed as an independent unit of transmission {a modulation 
symbol) that may be used to transmit any type of data such as pilot, signaling, 
broadcast, voice, traffic data, some other data type, or a combination thereof. 

35 Flexibility, perfonnance, and efficiency may further be achieved by allowing for 
independence among the modulation symbols, as described below. For 
example, each modulation symbol may be generated from a modulation 
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scheme (e.g., M-PSK, M-QAM, or some other scheme) that results in the best 
use of the resource at that particular time, frequency, and space. 

5 In a terrestrial communications system (e.g v a cellular Systran, a 

broadcast system, ft multf-channel multi-point distribution, system (MMDS) 
system, and others), an RF modulated signal from a transmitter unit may reach 
the receiver unit via a number of transmission paths. The characteristics of the 
transmission paths typically vary over Lime due to a number of factors. Jf more 

30 than one transmit or receive antenna is used, and if the transmission, paths 
between the transmit and receive antennas are linearly independent (Le., one 
transmission is not formed as a linear combination of lh& other transmissions}, 
which is generally true to at least an extent, then the likelihood of correctly 
receiving the transmitted signal increases as the number, of antennas increases. 

15 Generally, as the number of transmit and recede antennas increases, diversity 
increases and performance improves. 

A MIMO communication system such as the one shown in PIG. 1 
employs antennas at both the transmit and receive ends of me communication 
link. These transmit and receive antennas may be used to provide various 

20 forms of "spatial diversity", including 'transmit 1 ' diversity and "receive" 
diversity. Spatial diversity is characterized by the use of multiple transmit 
antennas and one or more receive antennas. Transmit diversity is characterized 
by the transmission of data over multiple transmit antennas. Typically, 
additional processing is performed on the data transmitted from the transmit 

25 antennas to achieved the desired diversity. Foe example, the data transmitted 
from different transmit antennas may be delayed or reordered in time, coded 
and interleaved across the available transmit antennas, and so on. Receive 
diversity is characterized by the reception of the transmitted signals en 
multiple receive antennas, and diversity is achieved by simply receiving the 

30 signals via different signal paths. 

Spatial diversity may be used to improve the reliability of the 
communication link with or without increasing the link capacity. This may be 
achieved by transmitting or receiving data over multiple paths via multiple 
antennas. Spatial diversity may be dynamically selected based on the 

35 characteristics of the communication link to provide the required performance. 
For example, higher degree of spatial diversity may be provided for some types 
of communication (e.g., signaling), for some types of services {e.g., voice), for 
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some communication link characteristics (e.g., low SNR), or for some other 
conditions or considerations. 

The da la may be transmitted from multiple antennas and /or on multiple 
frequency" subchannels to obtain the desired diversify. For example, data may 
5 be transmitted on: (1) one subchannel from one antenna, (2) one subchannel 
(e~g v subchannel 1) from multiple antennas, (3) one yubcliannel from all N T 
antennas, (4) a set of subchannels (e.g., subchannels 1 and 2) from one antenna 
(5), a set of subchannels from multiple antennas, (6) a set of subchannels from 
ah N r antennas, or (7) a set of channels from a set of antennas (e.g., subchannel 

TO 1 from antennas 1 and 2 at one timesJot, subchannels 1 and 2 from antenna 2 at 
another time slot, and so on). Thus, any combination of subchannels and 
antennas may be usad to provide antenna and freqtiency diversity. 

In the MIMO communication system, the multi-input multi-output 
channel can be decomposed into a set of Nf c independent spatial subchannels, 

15 The number of such spatial subchannels is less than or equal, to the lesser of the 
number of the transmitting antennas and the number of receiving antennas 
(i.e., N c < N T and N c < NJ- If H is the x N T matrix that gives the diarmel 
response for the N T transmit antennas and the N3 R receive antennas at a specific 
time, and x the TN^-vector inputs to the channel, then the received signal can 

20 be expressed as: 

y = llx i n , 

where n is an N B -vector representing noise pins interference. In one 
embodiment, the eigenvector decomposition of the Hermitian matrix formed 
by the product of the channel matrix; with tts coqugate-iranspose can be 
25 expressed as: 

H H = EA£" , 

where the symbol denotes conjngate-transpose r E is the eigenvector matrix, 
and A is a diagonal matrix of eigenvalues, both of dimension N.;XN r 

The transmitter converts (i.e., pre-conditions) a set of N T modulation 
30 symbols b using the eigenvector matrix E. The tauranuttod modulation 
symbols from the N T transmit antennas tan be expressed as: 

5 = E k - 

For all antennas, the pre-conditioning of the modulation symbols can be 
achieved by a matrix multiply op era Lion expressed as: 
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where b„ b ir . .. and b NI are respectively the modulation symbols for a particular 
frequency subchannel at transmit antennas 1, 2 7 ->. N 1[y where each 
modulation symbol can be genera led using, for example, M-FSK, 
5 M-QAM., a^d so on. as described below; 

E - is the eigenvector matrix related to the transmission characteristics 

from transmit antennas to the receive antennas; and 
x y x 2 , ... x N7 are the pre-condillon«d modulation symbols, which can be 
expressed as: 

10 ^ b t > , t- fc, ■ ^ + ... +b„ r ■ , 

K mj -~h +A a ,<? *f r a + — + '^avav ■ 
The received signal may be expressed as: 

15 The receiver performs a channel-matched-fifter opera ticn, followed by 
multiplication by the right eigenvectors. The result of the ehanr#;l--matehed- 
fiJter operation is the vector g, which cm be expressed as: 

z = £"H"H£1) -4- £*H*n ^ Ah + n , 

where the new noise term has covariance that can be expressed as: 

20 E(im*) - t (E'ir nn^IF) = £*lTH£ - A , 

i.e., the noise components are independent and have variance given by the 
eigenvsJues. The SNli of the i fc component of z is X i , the i a diag.o&ri element of 
A. 

An embodiment of the MIMO processing is described in further detail 
25 below and in US Patent Application Serial No, 09/532,491, entitled 'HIGH 
EFFICIENCY, HIGlri PERFORMANCE COMMUNICATIONS SYSTEM 
EMPLOYING MULTI-CARRIER MODULATION/ 1 filed March 22, 2000, 
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assigned to the assignee r>:F the present application and incorporated herein by 
reference. 

Each of the N c spatial subchannels in the MIMO channel as described in 
the above embodiment is al^o referred to as an eigenmode if these channels are 
5 independent of each other. For the MIMO mode, one modulation symbol can 
be transmitted on each oi the eigenmodes in each frequency snbchasmel. Since 
the SNR may be different for each eigenmode, the number of bits that may be 
transmitted over each eigenmode may also be different. As noted above, each 
eigenmode af each frequency subchannel is also referred to as 2 transmission 
10 channel. 

In other embodiments, the spatial subchannels can be created differently. 
For example, a spatial subchannel can be defined as the transmissions from one 
transmitter antenna to all of the receiver antennas. 

As used herein, the iMIMO mode includes full channel state information 

15 (fufrCSI) and partial-CSl processing modes. For both fiiH-CSI and partial-CSl, 
additional transmission paths are provided via spatially separable subchannels. 
FuU-CSI processing utilises eigertrnodes, as described above. Partial-CSl 
processing does not utilize eigenmodesv and may involve providing to the 
transmitter unit (e.g., via feeding back on the reverse Imk) the SNR for each 

20 transmission channel {ic v receive diversity porL), and coding accordingly based 
on the received SNR. 

A number of formulations may be utilised at the receiver unit to provide 
the requisite information for parhabCST, including linear and non-linear forms 
of zero-forcing, channel correlation .matrix inversion {CCMI},. and minimum 

25 mean sqtiare error (MMSE), as is known in the art. For example, the derivation 
of SNRs for a non-linear zero-forcing (partial-CSl) MIMO case is described by 
F.W. Wolniartsky c.i al. in a paper entitled "V-BLAST: An Architecture for 
Realising Very High Data Rates Over the Rich-Scattering Wireless Channel," 
Froc. IEEE ISSSE-98, Pisa, Italy, Sept. 30, 1998, and incorporated herein by 

30 reference. The eigenvalues from a MIMO formulation are related to the SNRs 
of the eigenmodes for the fulI-CSI case, Non-MIMO cases can use an 
3ssc3rfme«t of methods, as is known in the art. 

Each transmission channel is associated with a SNR that may be known 
to both the transmitter and receiver. In this case, the modulation and coding 

35 parameters of each modulation symbol can be determined based on die SNR of 
the corresponding transmission channel. This allows for efficient use of the 
available frequency subchannels and eigenmodes. 
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Table 1 lists the number of information bite that may be transmitted in 
each modulation symbol for a particular level of performax'tcc (e-g-, 1% frame- 
error rate, or % FER) for various SNR ranges. For each SMR range, Table 1 also 
lists a particular modulation scheme selected for use with that SNR range, the 
5 number of coded bits that may be transmitted for each modulation symbol for 
the selected modulation scheme, and the coding rate used to obtain the 
required number of coded bits/modulation symbol given the supported 
number of information bits /modulation symbol. 

Table 1 lists one combination af modulation scheme and coding rate for 

10 each SNR range. The supported bft rate for each tonsmifsioii channel may be 
achieved using any one of a number of possible combinations of coding rate 
and modulation scheme. For example, one information bit per symbol may be 
achieved using (1) a coding rate of J/2 and QFSK modulation, (2) a coding rate 
of 1/3 arid B-I'SK modulation, (3) a coding rate of 1/4 and 16-QAM, or (4) some 

15 other combination of coding rate and modulation scheme. In Tabie 1, QFSK, 
16-QAM, and 64-QAM are used for the listed SMS Tinges. Other modulation 
schemes such as 32-QAM, 128-QAM, and so on, may also be employed 

and are \rdthin the scope of the invention. 



Table 1 





#of&rbrinatioo 


Modulation 


# of Coded 


Coding R&te 




Bits/Symbol 


Symbol 


Bits/Symbol 






1 


QFSK 


2 


m 




1.5 


QFSK 


2 


3/4 


6.4-8.35 


2 


16-QAM 


4 


m 


8.35-10.4 


2.5 




4 


5/S 


10,4-12.3 


3 




4 


3/4 


14.15 


3.5 


64-QAM 


6 


7/J2 


i 14.15-15.55 


4 


64-QAM 


6 


2/3 


25.55^ 17.35 


4.5 


64-QAM 


6 


3/4 


> 17.35 


5 


64-QAM 


6 


5/6 



20 

For clarity, various aspects of the invention are described for an OFDM 
£ysLGm and, in many instartcesv for an OFDM system operating in. a MIMO 
mode. However, the encoding and processing techniques described herein 
may generally be applied to various communication systems such as r for 
25 example, (1) an OFDM system operating without MIMO, (2) a MIMO system 
operating without OFDM' {ie v operating based on a single frequency 
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subchannel, ie, a singie RF carder, but multiple spa Hal subchannels), (3) a 
MIMO system operating with OFDM, and (4) others. OFDM is simply one 
technique for subdi viding & wideband channel into a number of orthogonal 
frequency subchannels. 

5 

Encoding 

HG. 3A is a block diagram of an embodiment of a parallel conca tested 
convolutionai encoder 114#, which is often referred to as a Turbo encoder. 
Turbo encoder 134x represents one incrementation of the forward error 

10 correction (FEC) portion of encoder 114 in FIG, 1 and may be used to encode 
data for transmission over one or more transmission channels. 

The encoding within encoder 1 14 may include error correction coding or 
error detection coding,, or both, which are used to increase the reliability of the 
link. The encoding may include, for example, cyclic redundancy check {CRQ 

15 coding, conv olutional cod Lug, Turbo coding, Trellis coding, block coding (e.g., 
^eed-Solomon coding), other types of coding, or a combination thereof. For a 
wireless communication system, a packet of data may be initially encoded with 
2t particular CRC code, and the CRC bits are appended to the data packet. 
Additional overhead bits may also be appended to the data packet to form a 

20 formatted data packet, which is then encoded with a convolutiona! or Turbo 
code. As used herein, 'information bits" refer to bits provided to the 
convolutions! or Turbo encoder, including transmitted data bits and bits used 
to provide error detection or correction capability for the transmitted bits. 

As shown in FIG. 3 A, Turbo encoder 114k includes two constituent 

25 encoders 312a and 312b, and a code interieaver 314. Constituent encoder 312a 
receives and encodes the information bits, x r in accordance with a first 
constituent code to generate a fm>fc sequence of tail and parity bits, y. Code 
interieaver 314 receives and interleaves the information bits in accordance with 
a particular interleaving scheme. Constituent encoder 312b receives and 

30 encodes tire interleaved bits in accordance with a second constituent code to 
generate a second sequence of ts.il and parity bits, The information bits, tail 
bits, and parity bits from encoders 312a and 312b are provided to the next 
processing element (channel interieaver 116). 

HG. 3B is a diagram of an embodiment of a Turbo encoder H4y, which 

35 is one implementation of Turbo encoder 114x and may also be used within 
encoder 114 in FIG. 1. In this example, Turbo encoder 114y is a rate 1/3 
encoder that provides two parity bits, y and z, for each information bit x. 
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Irs. the embodiment: shown in FIG. 3B, each constituent encoder 322 of 
Turbo encoder ]14y implements the following transfer function for the 
constituent code: 



- i + If 4- J?* 

Other constituent codes may also be used and are within the scope of the 
invention. 

Bach constituent encoder 322 includes a number of aeries coupled delay 

10 element 332, a number of moduIo-2 adders 334, and a switch 336. Initially, the 
states of delay elements 332 are set to zeros and switch 336 is in the up position. 
Then, for each information bit h\ a data packet, adder 334a performs modulo- 2 
addition of the information bit with She output bit from adder 334c and 
provides the result to delay element 332a. Adder 334b receives and performs 

15 modulo-2 addition of the bits from adder 334a and delay elements 332a and 
332c, and provides the parity bit y. Adder 334c performs modulo-2 addition of 
the bits from delay elements 332b and 332c. 

After all N information bits in the data packet have been encoded, switch 
336 is moved to the down position and three jscfo ("0") bits are provided to the 

20 constituent encoder 322a, Constituent encoder 322a then encodes the three 
zero hits and provides three tail systematic bib and three tail parity bits. 

Por each packet of N information bits, constituent encoder 322a provides 
M information bits x, the first three tail systematic bits, N parity bits y, and the 
first three tail parity bits, and constituent encoder 322b provides the second 

25 three tail systematic bits, N parity bits z, and the last three tail parity bits. For 
each packet, encoder 114y provides N information bits, six tail systematic bits, 
N-j-3 parity bits from encoder 322a, and N*3 parity bits from encoder 322b. 

Code interleave? 314 may implement any one of a number of 
interleaving schemes. In. one specific interleaving scheme, the N information 

3D bits in the packet are written, by row, into a 2^row by 2" -column array, where n 
is the smallest integer such that N < 2**. The rows are then shuffled according 
to a bit-reversal rule. I'or example, row 1 ("00001") is swapped with row 16 
{"10000";, row 3 ("00011") is swapped with row 24 ("11000"% and so on. The bits 




3 where 
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within each row are then perrmitated (he., rearranged) according to a row- 
spedric linear eongruenlial sequence (LCS). r Ihe LCS for row k may be defined 
as ~ {x k (i) + cj mod Z n , where i * 0, 1, ... 2°-l, x^O) ~ and c rt is a specific 

value selected for each, row and is further dependent on the value for n. For 
5 permutation in each row, the i' a bit in the row is placed in location x{i). The bits 
in code interleaver 314 are then read out by column. 

The above LCS code interleaving scheme is described in further detail in 
commonly assigned U.S. Patent Application Serial No. 09/205,511, entitled 
"TURBO CODE INTERLEAVE!? USING LINEAR CONCRUBNTIAL 
10 SEQUENCES," filed December 4, 1998, and in a document entitled "C.S0GQ2~A* 
1 Physical Layer Standard for cdma2000 Spread Spectrum Systems" (hereinafter 
referred to as the cdma^OQO standard), both of which are incorporated herein 
by reference, 

Other code interleave? may also be used and are within the scope of the 
15 invention. For example, a random interleaver qt a symmehkal-random (S- 
random) interleave* may also be used instead of the linear congruenhal 
sequence interleaver described above. 

Far clarity, the data coding is specifically described based on a Turbo 
code. Other coding schemes may also be used and are within the scope of the 
2ES invention. For example, the data may be coded with a convoiutional code, a 
block code, a concatenated code comprised of a combination of block/ 
convolution at and /or Turbo codes, or some other code. The data may be 
coded in accordance with a "base" code, and the coded bits may thereafter be 
processed (e.g., punctured) based on the capabilities of the transmission 
25 channels used in transmit the data- 

Referring io FIG. 1, me coded bits from encoder 114 are interleaved 
by channel fruerleaver 116 to provide temporal and frequency diversity against 

30 deleterious path effects (e.g., fading). Moreover, since coded bits are 
subsequently grouped together to form non-binary symbols that are then 
mapped to modulation symbols, the interleaving further ensures that fee coded 
bits that form each modulation symbol are not located close to each other 
(temporally). For static additive white Gaussian noise (AWGN) channels, the 

35 channel interleaving is less critical when a T^rbo encoder is also employed, 
since the code intei leaver effectively performs similar functions. 

Various interleaving schemes may be used for the channel interleaves 
In one interleaving scheme, the coded bits (i.e., the information, tail, and parity 
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bits) for each packet are written (linearly) to rows of memory. The bits in each 
row may then be j^erroutated (i.e., rearranged) based on {1} a bit-reversal rule, 
(2) a linear congrtiential sequence (such as *he one described above for the code 
interleaver), (3) a randomly generated pattern, (4) or a permutation pattern 
5 generated in some other manner. The rows are also permutated in accordance 
with a particular row permutation pattern. The permutated coded bife axe then 
retrieved from each column and provided to puncfurer 117. 

In an embodiment, the channel interleaving is performed individually 
for each bit stream in a packet. For each packet, the information bits x, the tail 

10 and parity lute y from the first constituent encoder, and the tail and parity bits z 
from the second constituent encoder may be interleaved by three separate 
interieayers, which may employ the same or different channel interleaving 
schemes- This separate interleaving allows for flexible puncturing on the 
individual bit streams. 

15 The interleaving interval may be selected to provide the desired 

temporal and frequency diversity. For example, ended bits for a particular time 
period (e-g-, 10 msec, 20 msec, or some other) and / or for a particular number of 
transmission channels may be interleaved. 

20 I'imcmring 

As noted above, for an OPDM commmucAtion system, the rmmbev of 
information bits that may be transmitted for each modulation symbol is 
dependent on the SNR of the transmission channel used to transmit the 
modulation symbol. And for an OFDM system operated in the MTMO mode, 

25 the number of information bite that may be transmitted for each modulation 
s5'mbol is dependent on the SNR of the frequency subchannel, and spatial 
subchaimel used to transmit the modulation symbol. 

In accordance with an aspect of the invention, a number of 
coding/ puncturing schemes may be used to generate the coded bits {Le., 

30 information, tail, and parity bits) for transmission, m a first coding/ puuctu dog 
scheme, a particular base code and common pim.ctaring is applied for all 
transmission channels. In a second coding/puncturing scheme, the same base 
code but variable puncturing is applied for the transmission channels. The 
variable puncturing is dependent on the. SNR of the transmission channels. 

35 FIG. 4A is a flow diagram of an embodiment for generating the required 

coded bits for a data transmission, which, employs the base code and common 
puncturing scheme. Initially, the SNR for each transmission channel (i.e., each 
eigenroode of each frequency subchannel) is determined, at step 412, For an 
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OFDM system not operated m the MIMO mode, only one eigenmode is 
supported, and thus only one SNR is determined for each frequency 
subchannel. The SNR for each transmission channel may be determined based 
on the transmitted pilot reference or via some other mechanism. 
5 At step 414, the number of mfonnation bits per modulation symbol 

supported by each transmission channel is determined based on its SNR. A 
table that associates a range of SNR with each specific number of information 
bits/ modulation symbol, such as Table 1, may be used. However, finer 
quantization than the 0.5-bit step size for the information bits shown in Table 1 
10 may be ttsed. A modulation scheme is then selected for each transnussion 
channel such that the number of information bite /modulation symbol can be 
transmitted, at step 416. The modulation scheme may also be selected to take 
into account other factors (e.g., coding complexity), as described in further 
detail! below. 

35 A t step 416, the total number of information bits that may be transmitted 

in each time slot for all transmission channels is determined. This can be 
achieved by summing the number of information, bits /modulation symbol 
determined for all transmission channels. Similarly, the total number of coded 
bits that may be transmitted m each time slot for all transmission chattels is 

20 determined, at step 420. This can be achieved by determining the number of 
coded bits /modulation symbol for each modulation scheme selected in step 
416, and suiTaning the number of coded bits for ail transmission channels. 

At step 422, the total number of information bite determined in. step 41 8 
is encoded with a particular encoder. If a Turbo encoder is used, the tail bits 

25 and parity bits generated by the encoder are punctured to obtain the total 
number of coded bits determined in step 420, The unpunctured coded bits are 
then grouped into non-binary symbols, which are then mapped to modulation 
symbols for the transmission channels, at step 426. 

The first coding/ puncturing scheme is relatively simple to implement 

30 since the same base code and puncturing scheme are used for all transmission 
channels. The modulation symbol for each transmission channel represents a 
point in a signal constellation corresponding to the modulation scheme selected 
for that transmission channel. If the distribution of the SNR for the 
transmission channels is widespread,, the distance between the constellation 

35 points relative to the noise variance for different signal cor&tellations will vary 
widely. This may then impact the performance of the system. 

rTG. 41? is a flow diagram of an embodiment for generating the required 
coded bits for a data transmission, which employs the same base code but 
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variable puncturing scheme. Initial Ly, the SNK for each transmission channel is 
determined, at step 432. In an embodiment, transmission channels with 
insufficient SNR are omitted from use for data transmission (Le, no data la 
transmitted on poor transmission channels). The number of information bits 
5 per moduiafion symbol supported by ejich transmission channel is than 
determined based on its 5NR, at step 434. A modulation scheme is next 
selected for each, transmission channel such thai the number of information 
bits/modulation symbol can be transmitted, at stop 436- Steps 432, 434, and 436 
in FIG, 48 correspond to sEeps 43.2, 414, and 426 in FIG, 4A. 

10 At step 438, the transmission channels belonging to the same SNTR range 

are grouped into a segment. Alternatively, ranges can be defined for the 
number of information hits per modulation symbol {e.g-, range 1 covering 1.0 to 
15 information bits /modulation symbol, range 2 covering 1.5 to 2.0 
information bits /modulation symbol, and so on). In this case, transmission 

15 channels having number of information bits per modulation symbol within the 
same range are grouped into a segment. 

Each segment includes K transmission channels, where 1^ can be any 
integer one or greater- The total number of information bits and total number 
of coded bits that can be transmitted in each segment are then determined, at 

20 step 440. For example, segment i may include K transmission channels, each of 
which may support transmission of N ; information bits /modulation symbol 
and F, tail, and parity bits/modulation symbol. For each time s3ot r the total 
number of information bits thaL may be transmitted in segment i can be 
computed a& KVNj, the total number of tail and parity bits that may be 

25 transmitted can be computed as K^P^ and the total number of coded bits may 
be computed as K t (N s + P). 

At step 442, the information bits to be transmitted in each time slot for all 
segments, which may be computed as ^JE^AF- , are encoded with, a particular 

encoder {e.g., a rate 1/3 Turbo encoder such at the one shown in HG. 33). At 
30 step 444, Nj information bits and N,/R parity and tail bits are assigned to each 
transmission channel of segment i r where R is the coding rate of the encoder. 
The N/T! parity and tail bite are then punctured to obtain the P, parity artd tail 
bits required for each transmission channel of the segment, at step 446. At step 
44S, the N ; iivFormation bits and the P parity and tail bits for each transmission 
35 channel of segment i are mapped to a modulation symbol for the transmission 
channel. 
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The second, coding/ puncturing scheme may provide improved 
performance over the first scheme, especially if the distribution of SNR, for the 
transmission channels is widespread- Since different modulation schemes and 
coding rate may be used for different transmission chamois, the number of bits 
5 transmitted on each transmission channel is typically communicated from the 
receiver to the transmitter on the reverse link. 

Table 1 shoves the quantization of the number of information 
bit 5 /mod illation symbol using 0.5-bit step size. The quantization granularity 
may be reduced (i.e., to be finer than 0.5- bit) if each segment (and not each 

JO transmission channel) is required to support an integer number of information 
bits. If Kj-N, is required to be an integer, a larger integer value for K, allows for 
a smaller step size for N r The quantisation, granularity may be further reduced 
if the quantization is allowed to be carried from segment to segment. For 
example, if one bit needs to be rounded-off in one segment, one bit may be 

15 rounded-up in the next segment, if appropriate. The quantization granularity 
may also be reduced if the quantization is allowed to be carried over multiple 
time slots. 

To support an OFDM system (especially one operated in the M3MO 
mode) whereby different SNR may be achieved foe the transmission channels, a 

2Q flexible puncturing scheme may be used in conjunction, with a common base 
encoder {e.g., a rate J/3 Turbo encoder) to achieve the necessary coding rates. 
This flexible puncturing scheme may be used to provide the necessary number 
of tail and parity bits for each segment For a high coding rate in which more 
tail and parity bits are punctured than retained, ihe puncturing may be 

25 efficiently achieved by retaining the required number of tail and parity bits as 
they are generated by the encoder and discarding the others. 

As an example, a segment may indude 20 16-QAM modulation symbols 
and has a SNR that supports transmission of 2 75 information bits /modulation, 
symbol- For this segment, 55 information bits (55 - 20x2.75) may be 

30 transmitted in 20 modulation symbols. Each 16-QAM modulation symbol is 
formed with four coded bits, and 80 coded bits are needed for 20 modulation 
symbols. The 55 information bits may be encoded with a rate 1/3 encoder to 
generate 122 tall and parity bits and 55 information bits. These 122 tail and 
parity bits may be punctured to provide the 35 tail and parity "bits required for 

35 the segment, which in combination with the 55 mfoimaiion bits comprise the 80 
coded bits. 

Referring back to FIG. 1, puncturer 117 receives the interleaved 
information and parity bits from channel inter/leaver i.l6> punctures (i.e., 
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deletes) some of the tail and parity bits to achieve the desired coding rate(s), 
and multiplexes the unpunctured mfofinatiort, taii, and parity bits into a 
sequence of coded bits. The information bits (which are also referred to as 
systematic bits) n^ay also be punctured along: with the tail and parity bits, and 
5 this is within the scope of the invention, 

FTC is a diagram of an embodiment of a puncfcurer 117x, wMch may 
be u^ed to provide variable puncturing of coded bits. Puncturer II 7x is one 
implementation of puncture* 117 m FIG- 1. Using a set of. counters, puncturer 
117x performs puncturing to retain F- tail and parity bite out of Q> tail and 

10 parity bits generated by the encoder lor segment h 

Within punctnrer 117x r the interleaved tail and parity bits y !>tv and 2 !W 
from this two constituent encoders of the Turbo encoder are provided to two 
inputs of a switch 342. Switch 342. provides either the y m tail and parity bits 03; 
the z^j. tail and parity bits to line 343, depending on a control signal from a 

15 toggle unit 348. Switch 342 ensures that the tail and parity bits from tire two 
constituent encoders aire evenly selected by alternating between the two tail 
and parity bit streams. 

A first, counter 352 performs modulo-Q addition and wraps around after 
its content reaches beyond Q-'L A second counter 354 counts (by one) the Q tail 

20 and parity bits, For each segment/ both counters 352 and 354 are initially set to 
zero, switch 342 is in the up position, and the first tail or parity bit y^. is 
provided front multiplexer 346 by closing a switch 344 and appropriately 
controlling ttte. mtdriplexer. For each subsequent clock cycle, counter 332 is 
incremented by P and counter 354 is incremented by one. The value of counter 

25 352 is provided to a decision unit 356. If counter 352 experiences a modulo-Q 
operation (i.e., the content of counter 352 wraps around), the tail or parity bit 
on line 343 is provided through switch 344 to multiplexer 346, which then 
provides the tail or parity bit as an output coded bit. Each time a tail or parity 
bit is provided from multiplexer 346, toggle unit 34S toggles the state of the 

30 control signal, and the other tail and parity bit stream is provided to line 343. 
The process continues until all Q tail and parity bits m the segment are 
exhausted, as indicated by comparison unit 358- 

Other puncturing patterns may also be tised and are within the scope of 
the invention. To provide good performance, the number of tail and parity bits 

35 to be punctured should be balanced between the two constituent codes (i-e v 
approximately equal number of y itfr and tail and parity bits are Rejected) and 
the unpxmctured bits should be distributed rdatively evenly over the code 
block for each segment, 
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In certain instances, the number of information bits may be less than the 

capacity of the transmission channels, in such instances, the available and 
imfiJIed bit positions may be filled with zero padding, by repeating some of the 
coded bits, or by some other scheme- The transmit power may also be reduced 
5 for some schemes. 

in an embodiment, for each modulation Scheme {e.g., QPSK, 16-QAM, 
64-QAM, and so on) selected .for use r the pointe in khe signal constellation for 

10 the modulation scheme are defined using Gray mapping. The Gray mapping 
reduces the number of bit errors for mote likely error events, as described in 
further detail below. 

PIG. 5 is a diagram of a signal constellation for 16-QAM and a specific 
Gray mapping scheme. The signal constellation for 1.6-QAM includes 16 pointy 

15 each of which is associated with a specific 4-bit value. For Gray mapping, the 4- 
bit values are associated with the points in the signal constellation such that the 
values for adjacent points (in the Jiori^ntal or vertical direction) differ by only 
one bit position. The values for points fbrttier way differ by more bit positions 
{e.g., the values for adjacent points in the diagonal direction differ by two bit 

20 positions), 

Each group of four coded bits {b t b, b s b 4 ) is mapped to a specific point in 
the signal constellation associated with the same value as that of the four coded 
bite- For example, a value of ("OUT) for the four coded bits is mapped to a 
pomt 512 in the signal constellation. This point then represents the modulation 

25 symbol for the four coded bits. For 16-QAM, each modulation symbol 
represents a specific one of the 16 points in the signal constellation, with the 
specific point being determined by the value of the four coded bits. Each 
modulation symbol can be expressed as a complex nujnber (<:■ -f- ;<f) and 
provided to the next processing element iLc, MIMO processor 120 in FIG. 1). 

30 At the receiver unit, the modulation symbols are received in the 

presence of noise and typically do not map to the exact location in the signal 
constellation. For the above example, the received modulation symbol for the 
transmitted coded bits ("0111") may not map to point 512 at the receiver unit. 
The noise may have caused the received modulation symbol to be mapped to 

35 onother location in the signal constellation- Typically, there is greater 
likelihood of the received modulation symbol being mapped to a location near 
the correct location (e.g., near the points for 0101". "0011", "0110", or Till"). 
Thus, the more likely error event is a received modulation symbol being 
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erroneously mapped to a point - adjacent to the correct point. And since 
adjacent points in the signal constellation, have values that differ by only one bit 
position, the Gray mapping reduces the number of error bits for more likely 
error events. 

5 FIG, 5 shows a specific Gray mapping scheme for the 1.6-QAM signal 

constellation. Other Gray mapping schemes may also be used and are within 
the scope of the invention. The signal constellations for other modulation 
schemes (e.g., 8-PSK, 64-QAM, and so on) may also be mapped with similar or 
other Gray mapping schemes. For some modulation schemes such as 32-QAM 
10 and i28-QAM, a partial Gray mapping scheme may be used if a full Cray 
mapping scheme is not possible. Also, mapping schemes not based on Gray 
mapping may al&o be used and are within the scope of the invention, 

35 FIG. 6 is a block diagram of an embodiment of a MIMO processor 120x, 

which Is one implementation of MIMO processor 120 in FIG. 1. The 
modulation symbols may be transmitted on multiple frequency subchannels 
and possibly from multiple transmit antennas. When operating in the MIMO 
mode„ the transmission on each frequency subchannel and from each transmit 

20 antenna represents non-duplicated data. 

Within MIMO processor 12Qx, a demultiplexer (DEMUX) 610 receives 
and demultiplexes the modulation symbols into a number of subchannel 
symbol streams, S t through S v one subchannel symbol stream for each 
frequency subchannel used to transmit the symbols. Each subchannel symbol 

25 stream is £hen provided to a respective subchannel MIMO processor 612. 

Each subchannel MIMO processor 612 may further demultiplex the 
received subchannel symbol stream into a number of (up to N T ) symbol sub- 
streams, one symbol sub-stream for each antenna used to transmit the 
modulation symbols. When the OFDM system ip operated in the MIMO mode, 

30 each subchannel MIMO processors 612 pre-conditions the (up to) N r 
modulation symbols in accordance with equation (1.) described above to 
generate pre-conditioned modulaiion symbols, wliich are subsequently 
transmitted, fn the MIMO mode, each pre-conditioned modulation symbol for 
a particular frequency subchannel of a particular transmit antenna represents a 

35 linear combination of (weigh ted) modulation symbols for up to N T transmit 
antennas. Each of the (up to) M, modulation symbols used to generate each 
pre-condMoned modulation symbol may be associated with a different signal 
constellation 
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Foe each time slot, (up to) N_ pre-conditioned modulation symbols may 
be generated by each subchannel MIMO processor 612 and provided to (up to) 
N r symbol combiners 616a through 616£. For example, subchannel MTMO 
processor 614a assigned to frequency sub channel 1 may provide up to pre- 
5 conditioned modtilation symbols for frequency subchannel 1 of antennas 1 
through N r Similarly, subchannel MIMO processor 612/ assigned to frequency 
subchannel L may provide up to N T symbols for frequency subchannel L of 
antennas 1 through N T . Each combiner 616 receives the pre-conditioned 
modulation symbols for the L frequency stibdianiieis, combines the symbols for 

10 each time slot into a modulation symbol vector, V, and provides the 
modulation symbol vector to the next processing stage (i.e., modulator 122). 

M3MO processor 120x thus receives and processes the modulation 
symbols to provide N" T modulation symbol vectors, V, through V T , one 
modulation symbol vector for each transmit antenna. The collection of L pre- 

15 conditioned modulation symbols for each time slot of each antenna form a 
modulation symbol vector V of dimensionality L. Each element of the 
modulation symbol vector V is associated with a specific frequency subchannel 
having a unique subcamer on which the modulation symbol is conveyed. The 
collection of the L modulation symbols are all orthogonal to one another. Jf not 

20 operating in a "pure" MTMO mode, some of the modulation symbol vectors 
may have duplicate information on specific frequency subchannels for different 
transmit antennas. 

Subchannel MIMO processor 612 may be designed to provide the 
necessary processing to implement lull channel state information (full-CSl) or 

25 partfeKH processing for the MIMO mode. Full CSI includes sufficient 
characterization of the propagation path <i.e., amplitude and phase) between all 
pairs of transmit a^d receive antennas for each frequency subchannel Partial 
CST may Include, for example, the SNR of the spatial subchannels. The CSI 
processing may be performed based on the available CSI information and on 

SO the Selected frequency subchannels,, transmit antennas, and so on, The CSI 
processing may also be enabled and disabled selectively end dynamically. For 
example, the CSI processing may be enabled for a particular data transmission 
end disabled for some other data transmissions. Ihe CSI processing may be 
enabled under certain conditions, tor example, when the communicaU'on link 

35 has adequate SNR FuITCSI and parital-CSf processing is described m further 
detail in the aforementioned VS Patent Application Serial No. 09/532.491. 

FIG. 6 also shows an embodiment of modulator 122. The modulation 
Symbol vectors V s tlirough V T from MTMO processor l20x are provided to 
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modidajtors 1 J 4a through 114t, respectively- In the embodiment shown in FIG- 
6, each modulator 114 includes art IWT 620, cycle prefix generator 622, and atr 
upconverter 624, 

IFF!" 620 converts each received modulation symbol vector into its time- 
5 domain representation (which is referred to as an OFDM symbol) using the 
Inverse fast Fourier transform (IFFTy IFFT 620 can be designed to perform the 
IFFT on any number of frequency subchannels (e,g,, 8, 16, 32, and so on), In an 
embodiment, for each modulation symbol vector converted to an OFDM 
.symbol, cycle prefix generator 622 repeats a portion of the Hme-domalrt 

10 representation of the OFDM symbol to form a transmission symbol for the 
specific antenna. The cyclic prefix insure that the transmission symbol retains 
its orthogonal properties in the presence of multipath delay spread, thereby 
improving performance against deEeteriouS path effects. The implementation 
of IFFT 620 and cycle prefix generator 622 is known in the art and not described 

15 in detail herein. 

The time-domain representations from each cycle prefix generator 622 
(i.e.., the ''transmission" symbols for each antenna) are then processed by 
upconverter 624, converted into an analog signal, modulated to s RF frequency, 
and conditioned £e-g-, amplified and filtered) to generate an RF modulated 

2t) signal, which is then transmitted from the respective antenna 124. 

OFDM modulation is described in further detail in a paper entitled 
"Multiearrier Modulation for Data Transmission : An Idea Whose Time Flas 
Come,' r by John A.C, Bingham, WEE Commutations Magazine, May 1990, 
which is incorporated herein by reference. 

25 For an OFDM system not operated in the MIMO mode, MiMO processor 

120 may be removed or disabled and the modulation symbols maybe grouped 
into the modulation symbol vector V without any pre-conditioning. This 
vector Is then provided to modulator 122. And for an OFDM system operated 
with transmit diversity (and not in the MIMO mode), demultiplexer 614 may be 

30 removed or disabled and the (game) pre-conditioned modulation symbols are 
provided to (up to) N T combiners. 

As shown in FIG. 2, a number of different transmissions (e.g,, voice, 
signaling, data, pilot, and so on) may be transmitted by the system. Each of 
these transmissions may require different processing, 

35 FIG. 7 is a block diagram of an embodiment of a system llOy capable of 

providing different processing for different transmissions. The aggregate input 
data, which includes all information bits to be transmitted by system llOy, is 
provided to a demultiplexer 720. Demultiplexer 710 demultiplexes the input 



(56) 



^2004-535694 (P2004-535694A) 



WO i)im2(&2 N1T/U S02/9 2 1 43 



25 

data into a number of (K) channel daia streams, B, through Each channel 
data slre^m may correspond to, for example, a signaling channel, a broadcast 
channel, a voice Calf, Or a traffic data transmission. Each channel data stream is 
provided to a respective encoder /channel interleaver/puncturer /symbol. 
B mapping element 712 that encodes the data using a particular encoding scheme 
selected for that channel data stream, interleaves the encoded data based on a 
particular inter leaving scheme, punctures the inter leaved code bits, and maps 
the interleaved data into modulation symbols for the one or more transmission 
channels used for transmitting that channel data stream. 

10 The encoding can. be performed on a per channel basis (i.e., on each 

cf lannel data stream, as shown in VIG. 7). However, the encoding may also be 
performed on the aggregate- input data (as shown in PIG. I), on a number of 
channel data streams, on a portion of a channel data stream, across a set of 
frequency subehaitnels, across a set of spatial subchannels, across a set of 

15 frequency subchannels and spatial subct\annels, across each frequency 
subchannel, on each modulation symbol, or on some other unit of lime, space, 
and frequency. 

The modulation symbol stream from each encoder /channel 
mierleaver/puoctuier/ symbol mapping element 712 may be transmitted on 

20 one or more frequency subchannels and via one or more spatial subchannels of 
each frequency subchannel. A MI MO processor 120y receives the modulation 
symbol streams from elements 712. Depending on the mode to be used for each 
modulation symbol stream, MTMO processor 120y may demultiplex the 
modulation symbol stream into a number of subchannel symbol streams. In the 

25 embodiment shown in KG- 7, modulation symbol stream is Uansmitted on 
one frequency subchannel and modulation symbol stream S K is Iransmitfced on 
L frequency subchannels. The modulation stream for each frequency 
subchannel is processed by a respective subdiaimel MIMO processor, 
demultiplexed, and combined in. similar manner as that described in KEG, 6 to 

30 form a modulation symbol vector for each transmit antenna. 

In general, the transmitter unit codes and modulates data, for each 
transmission channel based on informs hon descriptive of the channel's 
transmission capability. This information is typically m the form of partial-CSl 
or fuM-CSI described above. The partial or full-CSl for the transmission 

35 channels to be used for a data transmission is typically determined at the 
receiver unit and reported back to the transmit ter unit which then uses the 
information to code and modulate data accordingly. The techniques described 
herein are applicable for multiple parallel transmission channels supported by 
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MIMO, OFDM, or any other communication scheme (e.g., a CDMA scheme) 
capable o£ supporting multiple parallel trar^stmesion channels. 

Demodulation an d Decoding 
5 FIG, 8 is a block dia.gram of an embodiment of a decoding portion oi' 

system 150. For this, embodiment, a Turbo encoder is used to encode the data 
prior to transmission. A Turbo decoder is correspondingly used to decode the 
received modtilab'on symbols. 

As shown in FIG. S, the received modulation symbols &r& provided to a 

10 bit log-likelihood, ratio fLLR) calculation unit 15&X, which calculates the LLRs of 
the bits that makeup each modulation symbol. Since a Turbo decoder operates 
on LLKs (as oppose to bits), bh LLR calculation unit 15Sx provides an LLR for 
each received coded bit. The LTJR for each received coded bit is the logarithm 
oi the probability that the received coded bit is a zero divided by the 

1 5 probata li ty that the received coded hit as a one. 

As described above, M coded hits (b t! h Si ... b M ) are grouped to form a 
single n on -hi nary symbol S, which is then mapped to a modulation symbol T(S) 
{he., modulated to a high-order signal constellation). The modulation symbol is 
processed, transmitted, received, and further processed to provide a received 

20 modulation, symbol R(S). The LLR of coded bit ft,,, in the received modulation 
symbol can be computed as, 

"«*■> H^) 

- lOg{p(ii(,S) \ b m - £)))- loz{p{ji{S) j b„ * l}} Eq (2) 

where p{lt{3) j - o) is the probability of bit b m being a ^ero based on the 
received symbol R($). Approximation* may also be used m computing the 
25 LLKs. 

De-pmicturer 159 then inserts ' erasures" for axle bits that have beers 
deleted (he., punctured) at the transmitter . The erasures typically have a value 
oi' zero ("0"), which is indicative of the punctxired bit being equally likely to be a 
zero or a one. 

30 From equation (2), it cart be noted that the LLRs for the received coded 

bits within a modulation symbol tend to be correlated This correlation can be 
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broken up by interleaving the coded bits prior to mediation. As shown In 
FlG^ 1, the channel interleaving advantageously performs the decor relation of 
the coded bite m each modulation symbol. 

The coded bit tl.Rs are provided to a channel deinterleaver 160 and 
5 deinterXeaved in a manner complementary to the channel interleaving 
performed at the transmitter. The channel deinterleaved LLRs corresponding 
to the received information, tail, and parity bits are then provided to a Turbo 
decoder 162x. 

Turbo decoder 162x includes summers 8 10a and 81 Ob, decoders 512a and 
10 812b, a code interleave 814, a code deinterleaver SI 6, and a detector 818. In an 
embodiment, each decoder S12 is implemented as a soft-input /soft-output 
(S1SO) maximum a posterior (MAP) decoder- 

Summer 81 Qa receives and sums the LLEs of the received infomtation 
bits, LLR(x'), and die extrinsic information from deinterieaver 816 (which is set 
15 to zeros on the first iteration), and provides refined LLRs. I ne refined LLRs are 
associated with greater confidence in the detected values o£ the received 
information bits. 

Decoder 812a receives the refined LLRs from summer 81 Da and the LLRs 
of the received tail and parity bits from the first constituent encoder , LLR(t/), 

20 and decodes the received LLRs to generate extrinsic information indicative of 
corrections in the probability values tor the received information bits. The 
extrinsic information from decoder 812a are summed with the received 
information bit LLRs by summer 810b, and the refined IXR& are stored to code 
Hiterieaver 814, Code interleaver 814 implements the same code interleaving 

25 used at the Turbo encoder (e.g^, the same as code interleaver 314 in TIG. 3B). 

Decoder 812b xeeeives the interleaved LLRs from interleaver 814 and the 
LLRs of the received tail and parity bits from the second constituent encoder, 
LLR^r'L and decodes the received LLRs to generate extrinsic information 
indicative of further corrections in the probability values for the received 

30 information bits. The extrinsic information from decoder Sl2h is stored to code 
demrerleaver 816, which, implements a deinl etlea ving scheme complementary 
to the inter leaving scheme used for interfeaver 814. 

Trie decoding of the received coded bit LLRs is iterated a number of 
times. With each iteration, greater confidence is gained for the refined LL&s. 

35> After all the decoding iterations have been completed, the final refined IXRg 
are provided to detector 818, which provides values for the received 
information bits based on the LLRs. 
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Other types pf decoder may also be used beside the SISO MAP decoder 
such as one that implements the soft output Viterfri algorithm (SOVA). Th^ 
design of the decoder is typically dependent on the particular Turbo coding 
scheme used at the b:ansmiiter. 
5 "J urbo decoding is described in greater, detail by Steven S. Pietrcbon in a 

paper entitled 'Implementation and Performance of a Turbo/Map Decode*/' 
International Journal of Satellite; Communications, Vol. 16, 1998, pp. 23-46, 
which is incorporated herein by reference. 

10 Modulation Scheme ^ndJ^dinj^Rate 

The achieved SNR of each transmission channel supports a particular 
number of information bits per modulation symbol (i.e., a particular 
information bit rate) for a desired level of performance (e.g v 1% PER). This 
information bit rate may be supported by a number of different modulation 

15 schemes. For example, a bit rate of 1.5 information bits/ modulation symbol 
may be supported by QPSK, 6-PSK, 16-QAM, or any higher ordei modulation 
scheme. Each modulation scheme is able to transmit a particular number of 
coded bits per modulation symbol. 

Impending tin the selected modulation scheme, a corresponding coding 

20 rate is selected such that the required number of coded bite is provided for the 
number of information bits for each modulation symbol. For the above 
example, QPSK, 8-FSK, and are respectively able to transmit 2, 3, and 

4 coded bits per modulation symbol. For an information bit rate of 1.5 
information bits /modulation symbol, coding rates of 3/4, 1/2, and 3/B are 

25 used to generate the required number of coded bits for QPSK, and 16- 

QAM, respectively. Thus, different combinations of modulation scheme and 
coding rate may be used to support a particular information bit rate. 

In certain embodiments of the invention, a "weak" binary code (i.e., a 
high coding rate) is used in conjunction with a low-order modulation scheme 

30 for the supported bit rate. Through a series of simulation, it is observed that a 
lower order modulation scheme m combination with a weaker code may offer 
better performance than a higher order modulation scheme with a stronger 
code. This result may be explained as follows. The LLR decoding metrics of 
binary Turbo codes in an AWGM channel is near optimal for the Turbo 

35 decoding algorithm. However, for the Gray mapped high-order modulation 
scheme, the optimal LLR metrics are generated fox each received modulation 
symbol and not each received bit. The symbol LLR metrics are then broken to 
yield bit I..LR metrics for the binary code decoder. Some information is lost 
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during the break-up process,, and usirtg the bit decoding metrics may result in 
non-optimal performance. The lower order modulation schemes correspond to 
fewer bits per symbol, which may experience less of the break-up loss and 
therefore provide better perfosmance than the higher order modulation scheme 
5 counterparts. 

In Accordance with an aspect of the invention, in order to achieve certain 
spectrum efficiency, a code with a coding rate of between, and inclusive of, 
n/(«-rl) to n/(:i t-2) is used with an appropriate modulation scheme, where o is 
the number of information bits per modulation symbol. This coding rate may 
10 foe easily achieved with a fixed code {e.g., the rate 1/3 Turbo code described 
above) in combination With a variable puncturing scheme. To achieve a high 
coding rate,, the tail and partly bits may be heavily punctured and the 
unpunctured tail and parity bits may be evenly distributed over the 
information bite. 

15 

Framing 

For many communication systems, it is convenient to define data 
packets (i.e., logical frames) with fixed sizes. For example, a system may define 
thr ee different packets having sizes of 1024, 2G4S, and 4096 bits. These defined 
20 daia packets simplify some of the processing at bom the transmitter and 
receiver. 

For an OFDM system, a physical frame may be defined to include (1) an 
integer number of OFDM symbols, (2) a particular number of modulation 
symbols on one or more transmission channels, (3> or some other units. As 

25 described above, because of the time-variant n&ture of the communication link, 
the SMR of the transmission channels may vary over time. Consequently, the 
number of information bits which may be transmitted on each time slot for each 
transmission channel will iikely vary over time, and the number of information 
bite in. each physical frame will also likely vary over rime. 

30 Jn one embodiment, a logical iframe is defined such that it is independent 

of the OFDM symbols, In this embodiment, the information bns for each 
logical frame are encoded /punctured, and the coded bits for the logical frame 
are grouped and mapped to modulation symbols, In one simple 
implementation, the transmission ehaimeJs are sequentially numbered- The 

35 coded bits are men used to form as many modulation symbols as needed, in the 
sequential order of the transmission channels. A logical frame (I.e v a data 
packet) may be defined to start and end at modulation symbol boundaries. In 
this implementation, the logical frame may span more than one OFDM symbol 
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and may further cross OKDM. symbol boundaries, Moreover, each OFDM 
symbol may include coded bits from multiple data packets. 

In another embodiment, a logical frame is defined based on a physical 
■ami. For exampk, a logical frame may be defined to include (1) a number of 
5 modulation symbols on one or more transmission channels, (2) one or more 
OHDM symbols, oi (3) a number of modulation symbols defined in some other 
manner. 

The use of punctured bina:ty Turbo code and Gray mapping (BIC-GM) 
for high-order modulation provides numerous advantages. The BTOGM 

10 scheme is simpler fo implement than the more optimal but more complicated 
Turbo trellis coded modulation (TTCM) scheme, yet can achieve performance 
close to that of TTCM. The BTG-GM scheme also provides a high degree of 
flexibility because of the east; of implementing different coding rate by simply 
adjusting the variable pimcturing, The BTC-GM scheme also provides robust 

35 performance under different puncturing parameters. Also, currently available 
binary Turbo decoders may be used, which may simply ihe implementation of 
the receiver. However, in certain embodiments, other coding schemes may also 
be used and are within ths scope of the invention. 

The foregoing description of the preferred embodiments i$ provided to 

20 enable any person skilled in the art to make or use the present invention. 
Various modifications to these embodiments will be readily apparent to those 
skilled in the arh and the generic principles defined herein may be applied to 
other embodiments without the use of the inventive faculty. Thus, the present 
invention is not intended to he limited to the embodiments shown herein but is 

25 to be accorded £be widest scope consistent with the principles and novel 
features disclosed herein. 
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CLAIMS 

1. In a wireless communication system, a method for preparing data for 
2 transmission on 1? plurality of transmission channels, wherein each 

transmission channel is operative to transput a respective sequence of 

4 modulation symbols, the method comprising: 

determining a number of informal on bits per modulation symbol 
6 supported by each transmi ssion channel ; 

identifying a modulation scheme for each transmission channel such that 

5 the determined mimber of information bits per modulation symbol is 
supported; 

10 determining a coding raie for each transmission channel based at least 

on the determined number of information bits per modulation symbol and die 

12 identified modulation scheme for the transmission channel, wherein at least 
two transmission channels are associated with different coding rates; 

14 encoding a plurality of information bits in accordance with a particular 
encoding scheme to provide a plurality of coded bite; 

16 puncturing the plurality of coded bits in accordance with a particular 

puncturing scheme to provide a number of impunctuied coded bits for the 

15 plurality of transmission channels; and 

adjusting the puncturing to achieve the different coding rates for the at 
20 least two transmission channels. 

2. The method of claim 1> wherein the wireless communication system is 
2 a multiple-input multiple-output 0WMO) system with a plurality of transmit 

antennas and a plurality of receive antennas, 

3. The method of claim l f wherein the wireless eommumcation system is 
2 an orthogonal frequency division modulation (OFDM) communication system. 

4. The method of claim 3, wherein the OFDM communication system is 
2 operated as a multiple-input multiple-output ^MtMO) system with a plurality 

of transmit antennas and a plurality of receive antennas. 

5. The method of claim 4, wherein the OFDM system is operative to 
2 transmit data on a plurality of frequency .subchannels, and wherein each 

transmission channel corresponds to a spatial subchannel of a frequency 
4 subchannel in the OFDM system. 



(63) 



^2004-535694 (P2004-535694A) 



WO mm2(&2 PCKYUS02/t) 2 % 43 

6. The method, of claim l f wherein the puncturing is based on 
2 transmission capabilities of the plurality of transmission channels. 

7. The method of claim 6, wherein the trartsmission capabilities are 
2 determined from channel state mformanoxi (CSi) derived for the plurality of 

transmission channels. 

8. The method of claim 7, wherein the CSI includes signal-to-noise ratio 
2 (SNR) information for the plurality of transmission channels^ 

9. The method of claim 7, wherein the CS! includes information related 
2 to transmission characteristics from transmit antennas to the receive antennas. 

10. The method of claim 7, wherein the CSX includes eigertmode 
2 information related to transmission characteristics from transmit antennas to 

the receive antennas. 

11. The method of claim 6, further comprising: 

2 grouping transmission channels having; similar transmission capabilities 

to segments,, and 
4 wherein the puncturing is performed for each segment. 

12. The method of claim 11, further comprising: 

2 assigning a group of coded bite to each segment, and 

wherein the puncturing is performed on the group of coded bits 
4 assigned to each segment. 

13. The method of claim 11, wherein each segment includes 
2 iTansmission channels having SNR within a particular SNR range. 

14. J he method of claim I, wherein the encoding is achieved via a Turbo 

2 code. 

15. The method of claim 14, wjhereirt the encoding provides a plurality 
2 of tail and parity bits for the plurality of information bits, and wherein the 

puncturing is performed on the plurality of tail and parity bits. 
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16. The method of claim 14, wherein die puncturing is performed such 
2 that unpunctuted tail, and parity bits are approximately evenly distributed over 
the plurality of mfomi&tion bits. 

IT. The method of claim 24, wherein the Turbo code includes two 
2 constituent codes operative to provide two streams of tail and parity bite, and 
wherein the puncturing is performed such thai approximately equal number of 
4 teil and parity bits are deleted from the two streams of tail and parity biLs< 

18. The method of claim 1, wherein the coding rate for each 
2 transmission channel is selected to be between, and inclusive of r n/{n+l) and 

n/{r\+2), where n is the number of information bits per modulation symbol 
4 supported by the transnnssion channel. 

19. The method of claim 1, wherein the coding rate for each 
2 transmission channel is 1 /2 or higher. 

20. The method of claim 1, wherein the encoding is achieved via a 
2 convolutional code. 

21. The method of claim 1, wherein the encoding is achieved via a block 

2 code- 

22. The method of claim 1, further comprising: 

2 inserting padding bits to fill available but unffHed bit positions in the 

plurality of transmission channels. 

23. The method of claim T further comprising: 

2 repeating at least some of Lhe coded bits to fill available but unfilled bit 

positions in the plurality of transmission channels. 

24. The method of claim 1, further comprising^ 
2 interleaving the plurality of coded bits. 

25. The method of claim 24, wherein the puncturing is performed on 
2 interleaved coded bits. 
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26- The method of claim 24, therein the encoding is achieved via a 
2 Turbo code comprised of two constituent codes, and wherein the plurality of 

information bits, a plurality of tail and parity bits from a first constituent code, 
4 $nd a plurality of tail and parity bits from a second constituent code are 

separately interleaved. 

27. The method o£ claim 1, further comprising: 

2 forming non-binary symbols for the plurality of transmission channels, 

wherein each non-binary symbol includes a group of unpunctured coded bite; 
4 and 

mapping each non-binary symbol to a respective mod ulation symbol. 

28. The method of claim 27, further comprising: 
2 interleaving die plurality of coded bits, and 

wherein the non-binary symbols are formed from the interleaved coded 

4- bite. 

29. The method of claim 27, wherein the modulation scheme for each 
2 transmission chamiei is associated with a respective signal constellation having 

a plurality of points, and wherein each modulation symbol is representative of 
4 a particular point in the signal constellation for the modulation scheme, 

30. The method of claim 2% wherein the plurality of points in each 
2 signal constellation are assigned with values based on a particular Gray 

mapping scheme. 

31. Jhe method of claim 30 r wherein the values are assigned to the 
2 plurality of paints in each signal constellation such that values for adjacent 

points in the signal constellation differ by one bit position. 

32. The method of claim 1, further comprising: 

2 adapting to changes in the plurality of transmission channels by 

repeating the determining the number of information bits per modulation 

4 symbol, tite identifying the modulation scheme, and the determining the 
coding rate. 
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33. The method of daim 1, wherein the modulation scheme for each 
2 transmission channel supports transmission of two or more coded bite per 
modulation symbol* 

-34. The method of claim 1, wherein lhe transfliiission on the plurality of 

2 fransmission channel* are intended for a single recipient receiving device. 

35. In an orthogonal frequency division modulation (OFDM) 
2 communication system, a method for preparing data fox transmission on a 

plurality of transmission channels, wherein each transmission channel is 
4 operative to transmit a respective sequence of modulation symbols, the method 
comprising: 

6 determining a number of information bits per modulation symbol 

supported by each transmission channel; 
8 identifying a modulation, scheme for eac:h transmission dtannel such that 

the determined number of information bits per modulation symbol is 
10 supported; 

determining a coding rate for each transmission channel based at least 
12 on the determined number of information bits per modulation symbol and the 
identified modulation scheme for the transmission channel, wherein at least 

14 two transmission d^tannela are associated with different coding rates; 

encoding a plurality of information bits in accordance with a particular 
16 Turbo code io provide a plurality of tail and parity bits; 

interleaving the plurality of information and tail and parity bits in 

15 accordance with a particular interleaving scheme; 

puncturing the plurality of interleaved bits in accordance with a 
20 particular puncturing scheme to provide a number of unpunctured coded bits 
for Ute plurality of transmission chatmeEs, wherein the puncturing is adjusted to 
22 achieve the different coding rates for the at least two transmission channels; 

forming non-binary symbols for the plurality of transmission channels, 
24 wherein each non-binary symbol includes a group of unpunctured coded bits; 
and 

26 mapping each non-binary symbol to a ie&pective modulation symbol. 

36, A wireless commimication system operative to transmit data on a 
2 plurality of transmission channels, wherein each transmission channel is used 

to transmit a respective sequence of modulation symbols., the system 
4 comprising; 
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an encoder configured to encode a plurality of information bits in 
6 accordance with a particular encoding scheme to provide a plurality of coded 
bits, and to puncture the plurality of coded bits in accordance with a particular 

5 puncturing scheme to provide a number of uitpunctuned coded bils for the 
plurality Of transmission channels, wherein each transmission channel is 

10 capable of transmitting a particular number of information bits per modulation 

symbol via a particular modulation scheme selected for the transmission 
12 channel, wherein each transmission channel is further associated with a 

particular coding rate based at least on the number of information bits per 
7.4 modulation symboJ supported by the transmission channel and its modulation 

scheme, wherein at least two transmission channels are associated with 
16 different coding rates, and wherein the encoder is further configured to adjust 

the puncturing to achieve the different coding rates for the at feast two 
IB transmission channels. 

37. The system of claim 36, further comprising: 
2 a channel interleave! coupled to the encoder and configured to 

interleave the plurality of coded hits, and 
4 wherein the encoder is configured to puncture the interleaved hits. 

33, Ihe system of claim 37, further comprising: 
2 a symbol mapping element coupled to the channel inter leaver and 

configured to form non^bhwy symbols for (he plurality of transmission 
4 channels, and to map each non-binary symbol to a respective modulation 

symbol., wherein each non-binary symbol includes a gn>np of un punctured 

6 coded bits. 

39. The system of claim 38, further comprising: 
2 a signal processor coupled to the symbol mapping element and 

configured to pre-condition the modulation symbols for the plurality of 
4 transmission channels to implement a multiple-mput multiple-output (MIMO) 

transmission. 
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CODING SCHEME FOR A WIRELESS COMMUNICATION 

SYSTEM 

BACKGROUND 

5 

I. Field 

The present invention relates to data communication. More particularly, 
the present invention relates to a novel, flexible, and efficient coding scheme for 
10 encoding data for transmission on multiple transmission channels with 
different transmission capabilities. 

II. Description of the Related Art 

15 Wireless communication systems are widely deployed to provide 

various types of communication such as voice, data, and so on. These systems 
may be based on code division multiple access (CDMA), time division multiple 
access (TDMA), orthogonal frequency division modulation (OFDM), or some 
other modulation techniques. OFDM systems may provide high performance 

20 for some channel environments. 

In an OFDM system, the operating frequency band is effectively 
partitioned into a number of "frequency subchannels", or frequency bins. Each 
subchannel is associated with a respective subcarrier upon which data is 
modulated, and may be viewed as an independent "transmission channel". 

25 Typically, the data to be transmitted (i.e., the information bits) is encoded with 
a particular coding scheme to generate coded bits. For a high-order 
modulation scheme (e.g., QPSK, QAM, and so on), the coded bits are grouped 
into non-binary symbols that are then used to modulate the subcarriers. 

The frequency subchannels of an OFDM system may experience 

30 different link conditions (e.g., different fading and multipath effects) and may 
achieve different signal-to-noise-plus-interference ratio (SNR). Consequently, 
the number of information bits per modulation symbol (i.e., the information bit 
rate) that may be transmitted on each subchannel for a particular level of 
performance may be different from subchannel to subchannel. Moreover, the 

35 link conditions typically vary with time. As a result, the supported bit rates for 
the subchannels also vary with time. 

The different transmission capabilities of the frequency subchannels plus 
the time-variant nature of the capabilities make it challenging to provide an 
effective coding scheme capable of encoding the supported number of 
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information bits/modulation symbol to provide the required coded bits for the 
subchannels. 

Accordingly, a high performance, efficient, and flexible coding scheme 
that may be used to encode data for transmission on multiple subchannels with 
5 different transmission capabilities is highly desirable. 

SUMMARY 

Various aspects of the present invention provides efficient and effective 

10 coding techniques for a communication system capable of transmitting data on 
a number of "transmission channels" at different information bit rates based on 
the channels' achieved SNR. A number of coding/ puncturing schemes may be 
used to generate the required coded bits (i.e., the information, tail, and parity 
bits, if a Turbo code is used). In a first coding/puncturing scheme, a particular 

15 base code and common puncturing is used for all transmission channels (e.g., 
all frequency subchannels in an OFDM system, or spatial subchannels of all 
frequency subchannels in an OFDM system with multiple input/multiple 
output antennas (MIMO), as described below). In a second coding/puncturing 
scheme, the same base code but variable puncturing is used for the 

20 transmission channels. The variable puncturing can be used to provide 
different coding rates for the transmission channels. The coding rate for each 
transmission channel is dependent on the information bit rate and the 
modulation scheme selected for the channel. 

An embodiment of the invention provides a method for preparing data 

25 for transmission on a number of transmission channels in a communication 
system, e.g., an orthogonal frequency division modulation (OFDM) system. 
Each transmission channel is operable to transmit a respective sequence of 
modulation symbols. In accordance with the method, the number of 
information bits per modulation symbol supported by each transmission 

30 channel is determined (e.g., based on the channel's SNR). A modulation 
scheme is then identified for each transmission channel such that the 
determined number of information bits per modulation symbol is supported. 
Based on the supported number of information bits per modulation symbol and 
the identified modulation scheme, the coding rate for each transmission 

35 channel is determined. At least two transmission channels are associated with 
different coding rates because of different transmission capabilities. 

Thereafter, a number of information bits is encoded in accordance with a 
particular encoding scheme to provide a number of coded bits. If a Turbo code 
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is used, a number of tail and parity bits are generated for the information bits 
(the coded bits include the information bits, tail bits, and parity bits). The 
coded bits may be interleaved in accordance with a particular interleaving 
scheme. For ease of implementation, the interleaving may be performed prior 
5 to puncturing. The coded bits (e.g., the tail and parity bits, if a Turbo code is 
used) are then punctured in accordance with a particular puncturing scheme to 
provide a number of unpunctured coded bits for the transmission channels. 
The puncturing is adjusted to achieve different coding rates needed by the 
transmission channels. As an alternative, the puncturing may also be 

10 performed prior to interleaving. 

Non-binary symbols are then formed for the transmission channels. 
Each non-binary symbol includes a group of interleaved and unpunctured 
coded bits and is mapped a respective modulation symbol. The specific 
number of coded bits in each non-binary symbol is dependent on the channel's 

15 modulation scheme. For a multiple-input multiple-output (MIMO) system 
capable of transmitting on a number of spatial subchannels for each frequency 
subchannel, the modulation symbols for each frequency subchannel may be 
pre-conditioned prior to transmission, as described below. 

The invention provides methods and system elements that implement 

20 various aspects, embodiments, and features of the invention, as described in 
further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The features, nature, and advantages of the present invention will 

become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 

FIG. 1 is a diagram of a multiple-input multiple-output (MIMO) 
30 communication system capable of implementing various aspects and 
embodiments of the invention; 

FIG. 2 is a diagram that graphically illustrates an OFDM transmission 
from one of N T transmit antennas in the MIMO system; 

FIGS. 3A and 3B are diagrams of a parallel concatenated convolutional 
35 encoder; 

FIG. 3C is a diagram of an embodiment of a puncturer and multiplexer, 
which may be used to provide variable puncturing of coded bits; 
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FIGS. 4A and 4B are flow diagrams of two coding/ puncturing schemes 
for generating the required coded bits for a data transmission, which utilize a 
particular base code but common and variable puncturing schemes, 
respectively; 

5 FIG. 5 is a diagram of a signal constellation for 16-QAM and a specific 

Gray mapping scheme; 

FIG. 6 is a block diagram of an embodiment of a MIMO processor; 
FIG. 7 is a block diagram of an embodiment of a system capable of 
providing different processing for different transmissions; and 
10 FIG. 8 is a block diagram of an embodiment of the decoding portion of a 

receiving system. 

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

15 FIG. 1 is a diagram of a multiple-input multiple-output (MIMO) 

communication system 100 capable of implementing various aspects and 
embodiments of the invention. Communication system 100 can be designed to 
implement the coding schemes described herein. System 100 can further be 
operated to employ a combination of antenna, frequency, and temporal 

20 diversity to increase spectral efficiency, improve performance, and enhance 
flexibility. Increased spectral efficiency is characterized by the ability to 
transmit more bits per second per Hertz (bps/Hz) when and where possible to 
better utilize the available system bandwidth. Improved performance may be 
quantified, for example, by a lower bit-error-rate (BER) or frame-error-rate 

25 (FER) for a given link signal-to-noise-plus-interference ratio (SNR). And 
enhanced flexibility is characterized by the ability to accommodate multiple 
users having different and typically disparate requirements. These goals may 
be achieved, in part, by employing a high performance and efficient coding 
scheme, multi-carrier modulation, time division multiplexing (TDM), multiple 

30 transmit and /or receive antennas, other techniques, or a combination thereof. 
The features, aspects, and advantages of the invention are described in further 
detail below. 

As shown in FIG. 1, communication system 100 includes a first system 
110 in communication with a second system 150. Within system 110, a data 
35 source 112 provides data (i.e., information bits) to an encoder 114 that encodes 
the data in accordance with a particular coding scheme. The encoding 
increases the reliability of the data transmission. The coded bits are then 
provided to a channel interleaver 116 and interleaved (i.e., reordered) in 
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accordance with a particular interleaving scheme. The interleaving provides 
time and frequency diversity for the coded bits, permits the data to be 
transmitted based on an average SNR for the subchannels used for the data 
transmission, combats fading, and further removes correlation between coded 
5 bits used to form each modulation symbol, as described below. The interleaved 
bits are then punctured (i.e., deleted) to provide the required number of coded 
bits. The encoding, channel interleaving, and puncturing are described in 
further detail below. The unpunctured coded bits are then provided to a 
symbol mapping element 118. 

10 In an OFDM system, the operating frequency band is effectively 

partitioned into a number of "frequency subchannels" (i.e., frequency bins). At 
each "time slot" (i.e., a particular time interval that may be dependent on the 
bandwidth of the frequency subchannel), a "modulation symbol" may be 
transmitted on each frequency subchannel. As described in further detail 

15 below, the OFDM system may be operated in a MIMO mode in which multiple 
(N T ) transmit antennas and multiple (N R ) receive antennas are used for a data 
transmission. The MIMO channel may be decomposed into N c independent 
channels, with N c < N T and N c < N R . Each of the N c independent channels is 
also referred to as a "spatial subchannel" of the MIMO channel, which 

20 corresponds to a dimension. In the MIMO mode, increased dimensionality is 
achieved and N c modulation symbols may be transmitted on N c spatial 
subchannels of each frequency subchannel at each time slot. In an OFDM 
system not operated in the MIMO mode, there is only one spatial subchannel. 
Each frequency subchannel/spatial subchannel may also be referred to as a 

25 "transmission channel". The MIMO mode and spatial subchannel are described 
in further detail below. 

The number of information bits that may be transmitted for each 
modulation symbol for a particular level of performance is dependent on the 
SNR of the transmission channel. For each transmission channel, symbol 

30 mapping element 118 groups a set of unpunctured coded bits to form a non- 
binary symbol for that transmission channel. The non-binary symbol is then 
mapped to a modulation symbol, which represents a point in a signal 
constellation corresponding to the modulation scheme selected for the 
transmission channel. The bit grouping and symbol mapping are performed 

35 for all transmission channels, and for each time slot used for data transmission. 
The modulation symbols for all transmission channels are then provided to a 
MIMO processor 120. 
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Depending on the particular "spatial" diversity being implemented (if 
any), MIMO processor 120 may demultiplex, pre-condition, and combine the 
received modulation symbols. The MIMO processing is described in further 
detail below. For each transmit antenna, MIMO processor 120 provides a 
5 stream of modulation symbol vectors, one vector for each time slot. Each 
modulation symbol vector includes the modulation symbols for all frequency 
subchannels for a given time slot. Each stream of modulation symbol vectors is 
received and modulated by a respective modulator (MOD) 122, and 
transmitted via an associated antenna 124. 

10 In the embodiment shown in FIG. 1, receiving system 150 includes a 

number of receive antennas 152 that receive the transmitted signals and 
provide the received signals to respective demodulators (DEMOD) 154. Each 
demodulator 154 performs processing complementary to that performed at 
modulator 122. The demodulated symbols from all demodulators 154 are 

15 provided to a MIMO processor 156 and processed in a complementary manner 
as that performed at MIMO processor 120. The received symbols for the 
transmission channels are then provided to a bit calculation unit 158 that 
performs processing complementary to that performed by symbol mapping 
element 118 and provides values indicative of the received bits. Erasures (e.g., 

20 zero value indicatives) are then inserted by a de-puncturer 159 for coded bits 
punctured at system 110. The de-punctured values are then deinterleaved by a 
channel deinterleaver 160 and further decoded by a decoder 162 to generate 
decoded bits, which are then provided to a data sink 164. The channel 
deinterleaving, de-puncturing, and decoding are complementary to the channel 

25 interleaving, puncturing, and encoding performed at the transmitter. 

FIG. 2 is a diagram that graphically illustrates an OFDM transmission 
from one of N T transmit antennas in a MIMO system. In FIG. 2, the horizontal 
axis represents time and the vertical axis represents frequency. In this specific 
example, the transmission channel includes 16 frequency subchannels and is 

30 used to transmit a sequence of OFDM symbols, with each OFDM symbol 
covering all 16 frequency subchannels. A time division multiplexing (TDM) 
structure is also illustrated in which the data transmission is partitioned into 
time slots, with each time slot having a particular duration. For the example 
shown in FIG. 2, the time slot is equal to the length of one modulation symbol. 

35 The available frequency subchannels may be used to transmit signaling, 

voice, packet data, and so on. In the specific example shown in FIG. 2, the 
modulation symbol at time slot 1 corresponds to pilot data, which may be 
periodically transmitted to assist the receiver units synchronize and perform 
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channel estimation. Other techniques for distributing pilot data over time and 
frequency may also be used. Transmission of the pilot modulation symbol 
typically occurs at a particular rate, which is usually selected to be fast enough 
to permit accurate tracking of variations in the communication link. 
5 The time slots not used for pilot transmissions can be used to transmit 

various types of data. For example, frequency subchannels 1 and 2 may be 
reserved for the transmission of control and broadcast data to the receiver 
units. The data on these subchannels is generally intended to be received by all 
receiver units. However, some of the messages on the control channel may be 

10 user specific, and may be encoded accordingly. 

Voice data and packet data may be transmitted in the remaining 
frequency subchannels. For the example shown, subchannel 3 at time slots 2 
through 9 is used for voice call 1, subchannel 4 at time slots 2 through 9 is used 
for voice call 2, subchannel 5 at time slots 5 through 9 is used for voice call 3, 

15 and subchannel 6 at time slots 7 through 9 is used for voice call 5. 

The remaining available frequency subchannels and time slots may be 
used for transmissions of traffic data. A particular data transmission may occur 
over multiple subchannels and/or multiple time slots, and multiple data 
transmissions may occur within any particular time slot. A data transmission 

20 may also occur over non-contiguous time slots. 

In the example shown in FIG. 2, data 1 transmission uses frequency 
subchannels 5 through 16 at time slot 2 and subchannels 7 through 16 at time 
slot 7, data 2 transmission uses subchannels 5 through 16 at time slots 3 and 4 
and subchannels 6 through 16 at time slots 5, data 3 transmission uses 

25 subchannels 6 through 16 at time slot 6, data 4 transmission uses subchannels 7 
through 16 at time slot 8, data 5 transmission uses subchannels 7 through 11 at 
time slot 9, and data 6 transmission uses subchannels 12 through 16 at time slot 
9. Data 1 through 6 transmissions can represent transmissions of traffic data to 
one or more receiver units. 

30 To provide the transmission flexibility and achieve high performance 

and efficiency, each frequency subchannel at each time slot for each transmit 
antenna may be viewed as an independent unit of transmission (a modulation 
symbol) that may be used to transmit any type of data such as pilot, signaling, 
broadcast, voice, traffic data, some other data type, or a combination thereof. 

35 Flexibility, performance, and efficiency may further be achieved by allowing for 
independence among the modulation symbols, as described below. For 
example, each modulation symbol may be generated from a modulation 
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scheme (e.g., M-PSK, M-QAM, or some other scheme) that results in the best 
use of the resource at that particular time, frequency, and space. 

MIMO System 

5 In a terrestrial communications system (e.g., a cellular system, a 

broadcast system, a multi-channel multi-point distribution system (MMDS) 
system, and others), an RF modulated signal from a transmitter unit may reach 
the receiver unit via a number of transmission paths. The characteristics of the 
transmission paths typically vary over time due to a number of factors. If more 

10 than one transmit or receive antenna is used, and if the transmission paths 
between the transmit and receive antennas are linearly independent (i.e., one 
transmission is not formed as a linear combination of the other transmissions), 
which is generally true to at least an extent, then the likelihood of correctly 
receiving the transmitted signal increases as the number of antennas increases. 

15 Generally, as the number of transmit and receive antennas increases, diversity 
increases and performance improves. 

A MIMO communication system such as the one shown in FIG. 1 
employs antennas at both the transmit and receive ends of the communication 
link. These transmit and receive antennas may be used to provide various 

20 forms of "spatial diversity", including "transmit" diversity and "receive" 
diversity. Spatial diversity is characterized by the use of multiple transmit 
antennas and one or more receive antennas. Transmit diversity is characterized 
by the transmission of data over multiple transmit antennas. Typically, 
additional processing is performed on the data transmitted from the transmit 

25 antennas to achieved the desired diversity. For example, the data transmitted 
from different transmit antennas may be delayed or reordered in time, coded 
and interleaved across the available transmit antennas, and so on. Receive 
diversity is characterized by the reception of the transmitted signals on 
multiple receive antennas, and diversity is achieved by simply receiving the 

30 signals via different signal paths. 

Spatial diversity may be used to improve the reliability of the 
communication link with or without increasing the link capacity. This may be 
achieved by transmitting or receiving data over multiple paths via multiple 
antennas. Spatial diversity may be dynamically selected based on the 

35 characteristics of the communication link to provide the required performance. 
For example, higher degree of spatial diversity may be provided for some types 
of communication (e.g., signaling), for some types of services (e.g., voice), for 
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some communication link characteristics (e.g., low SNR), or for some other 
conditions or considerations. 

The data may be transmitted from multiple antennas and /or on multiple 
frequency subchannels to obtain the desired diversity. For example, data may 
5 be transmitted on: (1) one subchannel from one antenna, (2) one subchannel 
(e.g., subchannel 1) from multiple antennas, (3) one subchannel from all N T 
antennas, (4) a set of subchannels (e.g., subchannels 1 and 2) from one antenna, 
(5), a set of subchannels from multiple antennas, (6) a set of subchannels from 
all N T antennas, or (7) a set of channels from a set of antennas (e.g., subchannel 

10 1 from antennas 1 and 2 at one time slot, subchannels 1 and 2 from antenna 2 at 
another time slot, and so on). Thus, any combination of subchannels and 
antennas may be used to provide antenna and frequency diversity. 

In the MEMO communication system, the multi-input multi-output 
channel can be decomposed into a set of N c independent spatial subchannels. 

15 The number of such spatial subchannels is less than or equal to the lesser of the 
number of the transmitting antennas and the number of receiving antennas 
(i.e., N c < N T and N c < N R ). If H is the N R x N T matrix that gives the channel 
response for the N T transmit antennas and the N R receive antennas at a specific 
time, and x is the N T -vector inputs to the channel, then the received signal can 

20 be expressed as: 

y = Hx+n , 

where n is an N R -vector representing noise plus interference. In one 
embodiment, the eigenvector decomposition of the Hermitian matrix formed 
by the product of the channel matrix with its conjugate-transpose can be 
25 expressed as: 

H*H = EAE* , 

where the symbol "*" denotes conjugate-transpose, E is the eigenvector matrix, 
and A is a diagonal matrix of eigenvalues, both of dimension N 1 xN T . 

The transmitter converts (i.e., pre-conditions) a set of N T modulation 
30 symbols b using the eigenvector matrix E. The transmitted modulation 
symbols from the N T transmit antennas can be expressed as: 

x = Eb . 

For all antennas, the pre-conditioning of the modulation symbols can be 
achieved by a matrix multiply operation expressed as: 
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where b 2/ b 2/ . . . and b NT are respectively the modulation symbols for a particular 
frequency subchannel at transmit antennas 1, 2, . . . N T , where each 
modulation symbol can be generated using, for example, M-PSK, 
5 M-QAM, and so on, as described below; 

E = is the eigenvector matrix related to the transmission characteristics 

from transmit antennas to the receive antennas; and 
x 2/ x 2 , ... x Nr are the pre-conditioned modulation symbols, which can be 
expressed as: 

10 x l =b r e u +b 2 -e l2 + ... +b NT -e lNT , 

x 2 = b x -e 2l +b 2 -e 22 + ... +b Nr -e 2Nr , and 

X N T ~ ^1 " e N T \ + ^2 * ^N r 2 + — + • ^ r ^ r • 

The received signal may be expressed as: 
y =HEb+n . 

15 The receiver performs a channel-matched-filter operation, followed by 
multiplication by the right eigenvectors. The result of the channel-matched- 
filter operation is the vector z, which can be expressed as: 

z = £*H*H£b + £*H*n = Ab + n , 

where the new noise term has covariance that can be expressed as: 

20 E(nn*) = E(£*H*nn*HE) = E*B*HE = A , 

i.e., the noise components are independent and have variance given by the 
eigenvalues. The SNR of the i fc component of z is A t , the diagonal element of 

A. 

An embodiment of the MIMO processing is described in further detail 
25 below and in U.S Patent Application Serial No. 09/532,491, entitled "HIGH 
EFFICIENCY, HIGH PERFORMANCE COMMUNICATIONS SYSTEM 
EMPLOYING MULTI-CARRIER MODULATION/ filed March 22, 2000, 
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assigned to the assignee of the present application and incorporated herein by 
reference. 

Each of the N c spatial subchannels in the MIMO channel as described in 
the above embodiment is also referred to as an eigenmode if these channels are 
5 independent of each other. For the MIMO mode, one modulation symbol can 
be transmitted on each of the eigenmodes in each frequency subchannel. Since 
the SNR may be different for each eigenmode, the number of bits that may be 
transmitted over each eigenmode may also be different. As noted above, each 
eigenmode of each frequency subchannel is also referred to as a transmission 
10 channel. 

In other embodiments, the spatial subchannels can be created differently. 
For example, a spatial subchannel can be defined as the transmissions from one 
transmitter antenna to all of the receiver antennas. 

As used herein, the MIMO mode includes full channel state information 

15 (full-CSI) and partial-CSI processing modes. For both full-CSI and partial-CSI, 
additional transmission paths are provided via spatially separable subchannels. 
Full-CSI processing utilizes eigenmodes, as described above. Partial-CSI 
processing does not utilize eigenmodes, and may involve providing to the 
transmitter unit (e.g., via feeding back on the reverse link) the SNR for each 

20 transmission channel (i.e., receive diversity port), and coding accordingly based 
on the received SNR. 

A number of formulations may be utilized at the receiver unit to provide 
the requisite information for partial-CSI, including linear and non-linear forms 
of zero-forcing, channel correlation matrix inversion (CCMI), and minimum 

25 mean square error (MMSE), as is known in the art. For example, the derivation 
of SNRs for a non-linear zero-forcing (partial-CSI) MIMO case is described by 
P.W. Wolniansky et al. in a paper entitled "V-BLAST: An Architecture for 
Realizing Very High Data Rates Over the Rich-Scattering Wireless Channel," 
Proc. IEEE ISSSE-98, Pisa, Italy, Sept. 30, 1998, and incorporated herein by 

30 reference. The eigenvalues from a MIMO formulation are related to the SNRs 
of the eigenmodes for the full-CSI case. Non-MIMO cases can use an 
assortment of methods, as is known in the art. 

Each transmission channel is associated with a SNR that may be known 
to both the transmitter and receiver. In this case, the modulation and coding 

35 parameters of each modulation symbol can be determined based on the SNR of 
the corresponding transmission channel. This allows for efficient use of the 
available frequency subchannels and eigenmodes. 
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Table 1 lists the number of information bits that may be transmitted in 
each modulation symbol for a particular level of performance (e.g., 1% frame- 
error rate, or % FER) for various SNR ranges. For each SNR range, Table 1 also 
lists a particular modulation scheme selected for use with that SNR range, the 
5 number of coded bits that may be transmitted for each modulation symbol for 
the selected modulation scheme, and the coding rate used to obtain the 
required number of coded bits /modulation symbol given the supported 
number of information bits /modulation symbol. 

Table 1 lists one combination of modulation scheme and coding rate for 

10 each SNR range. The supported bit rate for each transmission channel may be 
achieved using any one of a number of possible combinations of coding rate 
and modulation scheme. For example, one information bit per symbol may be 
achieved using (1) a coding rate of 1 / 2 and QPSK modulation, (2) a coding rate 
of 1/3 and 8-PSK modulation, (3) a coding rate of 1/4 and 16-QAM, or (4) some 

15 other combination of coding rate and modulation scheme. In Table 1, QPSK, 
16-QAM, and 64-QAM are used for the listed SNR ranges. Other modulation 
schemes such as 8-PSK, 32-QAM, 128-QAM, and so on, may also be employed 
and are within the scope of the invention. 



Table 1 



SNR 
Range 


# of Information 
Bits/Symbol 


Modulation 
Symbol 


# of Coded 
Bits/Symbol 


Coding Rate 


1.5-4.4 


1 


QPSK 


2 


1/2 


4.4 - 6.4 


1.5 


QPSK 


2 


3/4 


6.4 - 8.35 


2 


16-QAM 


4 


1/2 


8.35 - 10.4 


2.5 


16-QAM 


4 


5/8 


10.4 - 12.3 


3 


16-QAM 


4 


3/4 


12.3-14.15 


3.5 


64-QAM 


6 


7/12 


14.15-15.55 


4 


64-QAM 


6 


2/3 


15.55 - 17.35 


4.5 


64-QAM 


6 


3/4 


> 17.35 


5 


64-QAM 


6 


5/6 



20 

For clarity, various aspects of the invention are described for an OFDM 
system and, in many instances, for an OFDM system operating in a MIMO 
mode. However, the encoding and processing techniques described herein 
may generally be applied to various communication systems such as, for 
25 example, (1) an OFDM system operating without MIMO, (2) a MIMO system 
operating without OFDM (i.e., operating based on a single frequency 
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subchannel, i.e., a single RF carrier, but multiple spatial subchannels), (3) a 
MIMO system operating with OFDM, and (4) others. OFDM is simply one 
technique for subdividing a wideband channel into a number of orthogonal 
frequency subchannels. 

5 

Encoding 

FIG. 3A is a block diagram of an embodiment of a parallel concatenated 
convolutional encoder 114x, which is often referred to as a Turbo encoder. 
Turbo encoder 114x represents one implementation of the forward error 

10 correction (FEC) portion of encoder 114 in FIG. 1 and may be used to encode 
data for transmission over one or more transmission channels. 

The encoding within encoder 114 may include error correction coding or 
error detection coding, or both, which are used to increase the reliability of the 
link. The encoding may include, for example, cyclic redundancy check (CRC) 

15 coding, convolutional coding, Turbo coding, Trellis coding, block coding (e.g., 
Reed-Solomon coding), other types of coding, or a combination thereof. For a 
wireless communication system, a packet of data may be initially encoded with 
a particular CRC code, and the CRC bits are appended to the data packet. 
Additional overhead bits may also be appended to the data packet to form a 

20 formatted data packet, which is then encoded with a convolutional or Turbo 
code. As used herein, "information bits 1 ' refer to bits provided to the 
convolutional or Turbo encoder, including transmitted data bits and bits used 
to provide error detection or correction capability for the transmitted bits. 

As shown in FIG. 3 A, Turbo encoder 114x includes two constituent 

25 encoders 312a and 312b, and a code interleaver 314. Constituent encoder 312a 
receives and encodes the information bits, x, in accordance with a first 
constituent code to generate a first sequence of tail and parity bits, y. Code 
interleaver 314 receives and interleaves the information bits in accordance with 
a particular interleaving scheme. Constituent encoder 312b receives and 

30 encodes the interleaved bits in accordance with a second constituent code to 
generate a second sequence of tail and parity bits, z. The information bits, tail 
bits, and parity bits from encoders 312a and 312b are provided to the next 
processing element (channel interleaver 116). 

FIG. 3B is a diagram of an embodiment of a Turbo encoder 114y, which 

35 is one implementation of Turbo encoder 114x and may also be used within 
encoder 114 in FIG. 1. In this example, Turbo encoder 114y is a rate 1/3 
encoder that provides two parity bits, y and z, for each information bit x. 
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In the embodiment shown in FIG. 3B, each constituent encoder 322 of 
Turbo encoder 114y implements the following transfer function for the 
constituent code: 

n(D) 



5 where 



1 



n(D) = 1 + D + D 3 , and 
d(D)=l + D 2 +D 3 

Other constituent codes may also be used and are within the scope of the 
invention. 

Each constituent encoder 322 includes a number of series coupled delay 

10 elements 332, a number of modulo-2 adders 334, and a switch 336. Initially, the 
states of delay elements 332 are set to zeros and switch 336 is in the up position. 
Then, for each information bit in a data packet, adder 334a performs modulo-2 
addition of the information bit with the output bit from adder 334c and 
provides the result to delay element 332a. Adder 334b receives and performs 

15 modulo-2 addition of the bits from adder 334a and delay elements 332a and 
332c, and provides the parity bit y. Adder 334c performs modulo-2 addition of 
the bits from delay elements 332b and 332c. 

After all N information bits in the data packet have been encoded, switch 
336 is moved to the down position and three zero ( M 0") bits are provided to the 

20 constituent encoder 322a. Constituent encoder 322a then encodes the three 
zero bits and provides three tail systematic bits and three tail parity bits. 

For each packet of N information bits, constituent encoder 322a provides 
N information bits x, the first three tail systematic bits, N parity bits y, and the 
first three tail parity bits, and constituent encoder 322b provides the second 

25 three tail systematic bits, N parity bits z, and the last three tail parity bits. For 
each packet, encoder 114y provides N information bits, six tail systematic bits, 
N+3 parity bits from encoder 322a, and N+3 parity bits from encoder 322b. 

Code interleaver 314 may implement any one of a number of 
interleaving schemes. In one specific interleaving scheme, the N information 

30 bits in the packet are written, by row, into a 2 5 -row by 2 n -column array, where n 
is the smallest integer such that N < 2 5+n . The rows are then shuffled according 
to a bit-reversal rule. For example, row 1 ("00001") is swapped with row 16 
("10000"), row 3 ("00011") is swapped with row 24 ("11000"), and so on. The bits 
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within each row are then permutated (i.e v rearranged) according to a row- 
specific linear congruential sequence (LCS). The LCS for row k may be defined 
as x k (i+l) = {x k (i) + c k } mod 2 n , where i = 0, 1, . 2 n -l, x k (0) = c k , and c k is a specific 
value selected for each row and is further dependent on the value for n. For 
5 permutation in each row, the bit in the row is placed in location x(i). The bits 
in code interleaver 314 are then read out by column. 

The above LCS code interleaving scheme is described in further detail in 
commonly assigned U.S. Patent Application Serial No. 09/205,511, entitled 
"TURBO CODE INTERLEAVER USING LINEAR CONGRUENTIAL 
10 SEQUENCES/ 7 filed December 4, 1998, and in a document entitled "C.S0002-A- 
1 Physical Layer Standard for cdma2000 Spread Spectrum Systems" (hereinafter 
referred to as the cdma2000 standard), both of which are incorporated herein 
by reference. 

Other code interleaver may also be used and are within the scope of the 
15 invention. For example, a random interleaver or a symmetrical-random (S- 
random) interleaver may also be used instead of the linear congruential 
sequence interleaver described above. 

For clarity, the data coding is specifically described based on a Turbo 
code. Other coding schemes may also be used and are within the scope of the 
20 invention. For example, the data may be coded with a convolutional code, a 
block code, a concatenated code comprised of a combination of block, 
convolutional, and/or Turbo codes, or some other code. The data may be 
coded in accordance with a "base" code, and the coded bits may thereafter be 
processed (e.g., punctured) based on the capabilities of the transmission 
25 channels used to transmit the data. 

Channel Interleaving 

Referring back to FIG. 1, the coded bits from encoder 114 are interleaved 
by channel interleaver 116 to provide temporal and frequency diversity against 

30 deleterious path effects (e.g., fading). Moreover, since coded bits are 
subsequently grouped together to form non-binary symbols that are then 
mapped to modulation symbols, the interleaving further ensures that the coded 
bits that form each modulation symbol are not located close to each other 
(temporally). For static additive white Gaussian noise (AWGN) channels, the 

35 channel interleaving is less critical when a Turbo encoder is also employed, 
since the code interleaver effectively performs similar functions. 

Various interleaving schemes may be used for the channel interleaver. 
In one interleaving scheme, the coded bits (i.e., the information, tail, and parity 
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bits) for each packet are written (linearly) to rows of memory. The bits in each 
row may then be permutated (i.e., rearranged) based on (1) a bit-reversal rule, 
(2) a linear congruential sequence (such as the one described above for the code 
interleaver), (3) a randomly generated pattern, (4) or a permutation pattern 
5 generated in some other manner. The rows are also permutated in accordance 
with a particular row permutation pattern. The permutated coded bits are then 
retrieved from each column and provided to puncturer 117. 

In an embodiment, the channel interleaving is performed individually 
for each bit stream in a packet. For each packet, the information bits x, the tail 

10 and parity bits y from the first constituent encoder, and the tail and parity bits z 
from the second constituent encoder may be interleaved by three separate 
interleaves, which may employ the same or different channel interleaving 
schemes. This separate interleaving allows for flexible puncturing on the 
individual bit streams. 

15 The interleaving interval may be selected to provide the desired 

temporal and frequency diversity. For example, coded bits for a particular time 
period (e.g., 10 msec, 20 msec, or some other) and/ or for a particular number of 
transmission channels may be interleaved. 

20 Puncturing 

As noted above, for an OFDM communication system, the number of 
information bits that may be transmitted for each modulation symbol is 
dependent on the SNR of the transmission channel used to transmit the 
modulation symbol. And for an OFDM system operated in the MIMO mode, 

25 the number of information bits that may be transmitted for each modulation 
symbol is dependent on the SNR of the frequency subchannel and spatial 
subchannel used to transmit the modulation symbol. 

In accordance with an aspect of the invention, a number of 
coding/puncturing schemes may be used to generate the coded bits (i.e., 

30 information, tail, and parity bits) for transmission. In a first coding/puncturing 
scheme, a particular base code and common puncturing is applied for all 
transmission channels. In a second coding/puncturing scheme, the same base 
code but variable puncturing is applied for the transmission channels. The 
variable puncturing is dependent on the SNR of the transmission channels. 

35 FIG. 4A is a flow diagram of an embodiment for generating the required 

coded bits for a data transmission, which employs the base code and common 
puncturing scheme. Initially, the SNR for each transmission channel (i.e., each 
eigenmode of each frequency subchannel) is determined, at step 412. For an 
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OFDM system not operated in the MIMO mode, only one eigenmode is 
supported and thus only one SNR is determined for each frequency 
subchannel. The SNR for each transmission channel may be determined based 
on the transmitted pilot reference or via some other mechanism. 
5 At step 414, the number of information bits per modulation symbol 

supported by each transmission channel is determined based on its SNR. A 
table that associates a range of SNR with each specific number of information 
bits /modulation symbol, such as Table 1, may be used. However, finer 
quantization than the 0.5-bit step size for the information bits shown in Table 1 
10 may be used. A modulation scheme is then selected for each transmission 
channel such that the number of information bits /modulation symbol can be 
transmitted, at step 416. The modulation scheme may also be selected to take 
into account other factors (e.g., coding complexity), as described in further 
detail below. 

15 At step 418, the total number of information bits that may be transmitted 

in each time slot for all transmission channels is determined. This can be 
achieved by summing the number of information bits /modulation symbol 
determined for all transmission channels. Similarly, the total number of coded 
bits that may be transmitted in each time slot for all transmission channels is 

20 determined, at step 420. This can be achieved by determining the number of 
coded bits /modulation symbol for each modulation scheme selected in step 
416, and summing the number of coded bits for all transmission channels. 

At step 422, the total number of information bits determined in step 418 
is encoded with a particular encoder. If a Turbo encoder is used, the tail bits 

25 and parity bits generated by the encoder are punctured to obtain the total 
number of coded bits determined in step 420. The unpunctured coded bits are 
then grouped into non-binary symbols, which are then mapped to modulation 
symbols for the transmission channels, at step 426. 

The first coding/puncturing scheme is relatively simple to implement 

30 since the same base code and puncturing scheme are used for all transmission 
channels. The modulation symbol for each transmission channel represents a 
point in a signal constellation corresponding to the modulation scheme selected 
for that transmission channel. If the distribution of the SNR for the 
transmission channels is widespread, the distance between the constellation 

35 points relative to the noise variance for different signal constellations will vary 
widely. This may then impact the performance of the system. 

FIG. 4B is a flow diagram of an embodiment for generating the required 
coded bits for a data transmission, which employs the same base code but 
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variable puncturing scheme. Initially, the SNR for each transmission channel is 
determined, at step 432. In an embodiment, transmission channels with 
insufficient SNR are omitted from use for data transmission (i.e., no data is 
transmitted on poor transmission channels). The number of information bits 
5 per modulation symbol supported by each transmission channel is then 
determined based on its SNR, at step 434. A modulation scheme is next 
selected for each transmission channel such that the number of information 
bits/modulation symbol can be transmitted, at step 436. Steps 432, 434, and 436 
in FIG. 4B correspond to steps 412, 414, and 416 in FIG. 4A. 

10 At step 438, the transmission channels belonging to the same SNR range 

are grouped into a segment. Alternatively, ranges can be defined for the 
number of information bits per modulation symbol (e.g., range 1 covering 1.0 to 
1.5 information bits /modulation symbol, range 2 covering 1.5 to 2.0 
information bits /modulation symbol, and so on). In this case, transmission 

15 channels having number of information bits per modulation symbol within the 
same range are grouped into a segment. 

Each segment includes K x transmission channels, where K t can be any 
integer one or greater. The total number of information bits and total number 
of coded bits that can be transmitted in each segment are then determined, at 

20 step 440. For example, segment i may include Kj transmission channels, each of 
which may support transmission of N. information bits/modulation symbol 
and P. tail and parity bits /modulation symbol. For each time slot, the total 
number of information bits that may be transmitted in segment i can be 
computed as K.-Nj, the total number of tail and parity bits that may be 

25 transmitted can be computed as K.-P., and the total number of coded bits may 
be computed as I\(N. + P.). 

At step 442, the information bits to be transmitted in each time slot for all 

segments, which may be computed as ^K t N ir are encoded with a particular 

i* 

encoder (e.g., a rate 1/3 Turbo encoder such at the one shown in FIG. 3B). At 
30 step 444, N. information bits and Nj/R parity and tail bits are assigned to each 
transmission channel of segment i, where R is the coding rate of the encoder. 
The Nj/R parity and tail bits are then punctured to obtain the P. parity and tail 
bits required for each transmission channel of the segment, at step 446. At step 
448, the N. information bits and the P. parity and tail bits for each transmission 
35 channel of segment i are mapped to a modulation symbol for the transmission 
channel. 
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The second coding/ puncturing scheme may provide improved 
performance over the first scheme, especially if the distribution of SNR for the 
transmission channels is widespread. Since different modulation schemes and 
coding rate may be used for different transmission channels, the number of bits 
5 transmitted on each transmission channel is typically communicated from the 
receiver to the transmitter on the reverse link. 

Table 1 shows the quantization of the number of information 
bits /modulation symbol using 0.5-bit step size. The quantization granularity 
may be reduced (i.e., to be finer than 0.5-bit) if each segment (and not each 

10 transmission channel) is required to support an integer number of information 
bits. If K.-N. is required to be an integer, a larger integer value for K { allows for 
a smaller step size for N r The quantization granularity may be further reduced 
if the quantization is allowed to be carried from segment to segment. For 
example, if one bit needs to be rounded-off in one segment, one bit may be 

15 rounded-up in the next segment, if appropriate. The quantization granularity 
may also be reduced if the quantization is allowed to be carried over multiple 
time slots. 

To support an OFDM system (especially one operated in the MIMO 
mode) whereby different SNR may be achieved for the transmission channels, a 

20 flexible puncturing scheme may be used in conjunction with a common base 
encoder (e.g., a rate 1/3 Turbo encoder) to achieve the necessary coding rates. 
This flexible puncturing scheme may be used to provide the necessary number 
of tail and parity bits for each segment. For a high coding rate in which more 
tail and parity bits are punctured than retained, the puncturing may be 

25 efficiently achieved by retaining the required number of tail and parity bits as 
they are generated by the encoder and discarding the others. 

As an example, a segment may include 20 16-QAM modulation symbols 
and has a SNR that supports transmission of 2.75 information bits/modulation 
symbol. For this segment, 55 information bits (55 = 20x2.75) may be 

30 transmitted in 20 modulation symbols. Each 16-QAM modulation symbol is 
formed with four coded bits, and 80 coded bits are needed for 20 modulation 
symbols. The 55 information bits may be encoded with a rate 1/3 encoder to 
generate 122 tail and parity bits and 55 information bits. These 122 tail and 
parity bits may be punctured to provide the 35 tail and parity bits required for 

35 the segment, which in combination with the 55 information bits comprise the 80 
coded bits. 

Referring back to FIG. 1, puncturer 117 receives the interleaved 
information and parity bits from channel interleaver 116, punctures (i.e., 
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deletes) some of the tail and parity bits to achieve the desired coding rate(s), 
and multiplexes the unpunctured information, tail, and parity bits into a 
sequence of coded bits. The information bits (which are also referred to as 
systematic bits) may also be punctured along with the tail and parity bits, and 
5 this is within the scope of the invention. 

FIG. 3C is a diagram of an embodiment of a puncturer 117x, which may 
be used to provide variable puncturing of coded bits. Puncturer 117x is one 
implementation of puncturer 117 in FIG. 1. Using a set of counters, puncturer 
117x performs puncturing to retain P. tail and parity bits out of Q. tail and 

10 parity bits generated by the encoder for segment i. 

Within puncturer 117x, the interleaved tail and parity bits y lNT and z mT 
from the two constituent encoders of the Turbo encoder are provided to two 
inputs of a switch 342. Switch 342 provides either the y im tail and parity bits or 
the z lm tail and parity bits to line 343, depending on a control signal from a 

15 toggle unit 348. Switch 342 ensures that the tail and parity bits from the two 
constituent encoders are evenly selected by alternating between the two tail 
and parity bit streams. 

A first counter 352 performs modulo-Q addition and wraps around after 
its content reaches beyond Q-l. A second counter 354 counts (by one) the Q tail 

20 and parity bits. For each segment, both counters 352 and 354 are initially set to 
zero, switch 342 is in the up position, and the first tail or parity bit y jmo is 
provided from multiplexer 346 by closing a switch 344 and appropriately 
controlling the multiplexer. For each subsequent clock cycle, counter 352 is 
incremented by P and counter 354 is incremented by one. The value of counter 

25 352 is provided to a decision unit 356. If counter 352 experiences a modulo-Q 
operation (i.e., the content of counter 352 wraps around), the tail or parity bit 
on line 343 is provided through switch 344 to multiplexer 346, which then 
provides the tail or parity bit as an output coded bit. Each time a tail or parity 
bit is provided from multiplexer 346, toggle unit 348 toggles the state of the 

30 control signal, and the other tail and parity bit stream is provided to line 343. 
The process continues until all Q { tail and parity bits in the segment are 
exhausted, as indicated by comparison unit 358. 

Other puncturing patterns may also be used and are within the scope of 
the invention. To provide good performance, the number of tail and parity bits 

35 to be punctured should be balanced between the two constituent codes (i.e., 
approximately equal number of y mr and z im tail and parity bits are selected) and 
the unpunctured bits should be distributed relatively evenly over the code 
block for each segment. 
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In certain instances, the number of information bits may be less than the 
capacity of the transmission channels. In such instances, the available and 
unfilled bit positions may be filled with zero padding, by repeating some of the 
coded bits, or by some other scheme. The transmit power may also be reduced 
5 for some schemes. 

Gray Mapping 

In an embodiment, for each modulation scheme (e.g., QPSK, 16-QAM, 
64-QAM, and so on) selected for use, the points in the signal constellation for 

10 the modulation scheme are defined using Gray mapping. The Gray mapping 
reduces the number of bit errors for more likely error events, as described in 
further detail below. 

FIG. 5 is a diagram of a signal constellation for 16-QAM and a specific 
Gray mapping scheme. The signal constellation for 16-QAM includes 16 points, 

15 each of which is associated with a specific 4-bit value. For Gray mapping, the 4- 
bit values are associated with the points in the signal constellation such that the 
values for adjacent points (in the horizontal or vertical direction) differ by only 
one bit position. The values for points further way differ by more bit positions 
(e.g., the values for adjacent points in the diagonal direction differ by two bit 

20 positions). 

Each group of four coded bits (& 3 b 2 b 3 b 4 ) is mapped to a specific point in 
the signal constellation associated with the same value as that of the four coded 
bits. For example, a value of ("01 11") for the four coded bits is mapped to a 
point 512 in the signal constellation. This point then represents the modulation 

25 symbol for the four coded bits. For 16-QAM, each modulation symbol 
represents a specific one of the 16 points in the signal constellation, with the 
specific point being determined by the value of the four coded bits. Each 
modulation symbol can be expressed as a complex number (c + )d) and 
provided to the next processing element (i.e., MIMO processor 120 in FIG. 1). 

30 At the receiver unit, the modulation symbols are received in the 

presence of noise and typically do not map to the exact location in the signal 
constellation. For the above example, the received modulation symbol for the 
transmitted coded bits ("0111") may not map to point 512 at the receiver unit. 
The noise may have caused the received modulation symbol to be mapped to 

35 another location in the signal constellation. Typically, there is greater 
likelihood of the received modulation symbol being mapped to a location near 
the correct location (e.g., near the points for "0101", ,, 0011 ,, / "0110", or "1111"). 
Thus, the more likely error event is a received modulation symbol being 
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erroneously mapped to a point adjacent to the correct point. And since 
adjacent points in the signal constellation have values that differ by only one bit 
position, the Gray mapping reduces the number of error bits for more likely 
error events. 

5 FIG. 5 shows a specific Gray mapping scheme for the 16-QAM signal 

constellation. Other Gray mapping schemes may also be used and are within 
the scope of the invention. The signal constellations for other modulation 
schemes (e.g., 8-PSK, 64-QAM, and so on) may also be mapped with similar or 
other Gray mapping schemes. For some modulation schemes such as 32-QAM 
10 and 128-QAM, a partial Gray mapping scheme may be used if a full Gray 
mapping scheme is not possible. Also, mapping schemes not based on Gray 
mapping may also be used and are within the scope of the invention. 

MIMO Processing 

15 FIG. 6 is a block diagram of an embodiment of a MIMO processor 120x, 

which is one implementation of MIMO processor 120 in FIG. 1. The 
modulation symbols may be transmitted on multiple frequency subchannels 
and possibly from multiple transmit antennas. When operating in the MIMO 
mode, the transmission on each frequency subchannel and from each transmit 

20 antenna represents non-duplicated data. 

Within MIMO processor 120x, a demultiplexer (DEMUX) 610 receives 
and demultiplexes the modulation symbols into a number of subchannel 
symbol streams, S a through S L , one subchannel symbol stream for each 
frequency subchannel used to transmit the symbols. Each subchannel symbol 

25 stream is then provided to a respective subchannel MIMO processor 612. 

Each subchannel MIMO processor 612 may further demultiplex the 
received subchannel symbol stream into a number of (up to N T ) symbol sub- 
streams, one symbol sub-stream for each antenna used to transmit the 
modulation symbols. When the OFDM system is operated in the MIMO mode, 

30 each subchannel MIMO processors 612 pre-conditions the (up to) N T 
modulation symbols in accordance with equation (1) described above to 
generate pre-conditioned modulation symbols, which are subsequently 
transmitted. In the MIMO mode, each pre-conditioned modulation symbol for 
a particular frequency subchannel of a particular transmit antenna represents a 

35 linear combination of (weighted) modulation symbols for up to N T transmit 
antennas. Each of the (up to) N T modulation symbols used to generate each 
pre-conditioned modulation symbol may be associated with a different signal 
constellation. 
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For each time slot, (up to) N T pre-conditioned modulation symbols may 
be generated by each subchannel MIMO processor 612 and provided to (up to) 
N T symbol combiners 616a through 616t. For example, subchannel MIMO 
processor 614a assigned to frequency subchannel 1 may provide up to N T pre- 
5 conditioned modulation symbols for frequency subchannel 1 of antennas 1 
through N T . Similarly, subchannel MIMO processor 612Z assigned to frequency 
subchannel L may provide up to N T symbols for frequency subchannel L of 
antennas 1 through N T . Each combiner 616 receives the pre-conditioned 
modulation symbols for the L frequency subchannels, combines the symbols for 

10 each time slot into a modulation symbol vector, V, and provides the 
modulation symbol vector to the next processing stage (i.e., modulator 122). 

MIMO processor 120x thus receives and processes the modulation 
symbols to provide N T modulation symbol vectors, V 1 through V T , one 
modulation symbol vector for each transmit antenna. The collection of L pre- 

15 conditioned modulation symbols for each time slot of each antenna form a 
modulation symbol vector V of dimensionality L. Each element of the 
modulation symbol vector V is associated with a specific frequency subchannel 
having a unique subcarrier on which the modulation symbol is conveyed. The 
collection of the L modulation symbols are all orthogonal to one another. If not 

20 operating in a "pure" MIMO mode, some of the modulation symbol vectors 
may have duplicate information on specific frequency subchannels for different 
transmit antennas. 

Subchannel MIMO processor 612 may be designed to provide the 
necessary processing to implement full channel state information (full-CSI) or 

25 partial-CSI processing for the MIMO mode. Full CSI includes sufficient 
characterization of the propagation path (i.e., amplitude and phase) between all 
pairs of transmit and receive antennas for each frequency subchannel. Partial 
CSI may include, for example, the SNR of the spatial subchannels. The CSI 
processing may be performed based on the available CSI information and on 

30 the selected frequency subchannels, transmit antennas, and so on. The CSI 
processing may also be enabled and disabled selectively and dynamically. For 
example, the CSI processing may be enabled for a particular data transmission 
and disabled for some other data transmissions. The CSI processing may be 
enabled under certain conditions, for example, when the communicatibn link 

35 has adequate SNR. Full-CSI and partial-CSI processing is described in further 
detail in the aforementioned U.S Patent Application Serial No. 09 /532,491. 

FIG. 6 also shows an embodiment of modulator 122. The modulation 
symbol vectors V t through V T from MIMO processor 120x are provided to 
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modulators 114a through 114t, respectively. In the embodiment shown in FIG. 
6, each modulator 114 includes an IFFT 620, cycle prefix generator 622, and an 
upconverter 624. 

IFFT 620 converts each received modulation symbol vector into its time- 
5 domain representation (which is referred to as an OFDM symbol) using the 
inverse fast Fourier transform (IFFT). IFFT 620 can be designed to perform the 
IFFT on any number of frequency subchannels (e.g., 8, 16, 32, and so on). In an 
embodiment, for each modulation symbol vector converted to an OFDM 
symbol, cycle prefix generator 622 repeats a portion of the time-domain 

10 representation of the OFDM symbol to form a transmission symbol for the 
specific antenna. The cyclic prefix insures that the transmission symbol retains 
its orthogonal properties in the presence of multipath delay spread, thereby 
improving performance against deleterious path effects. The implementation 
of IFFT 620 and cycle prefix generator 622 is known in the art and not described 

15 in detail herein. 

The time-domain representations from each cycle prefix generator 622 
(i.e., the "transmission" symbols for each antenna) are then processed by 
upconverter 624, converted into an analog signal, modulated to a RF frequency, 
and conditioned (e.g., amplified and filtered) to generate an RF modulated 

20 signal, which is then transmitted from the respective antenna 124. 

OFDM modulation is described in further detail in a paper entitled 
"Multicarrier Modulation for Data Transmission : An Idea Whose Time Has 
Come," by John A.C. Bingham, IEEE Communications Magazine, May 1990, 
which is incorporated herein by reference. 

25 For an OFDM system not operated in the MIMO mode, MIMO processor 

120 may be removed or disabled and the modulation symbols may be grouped 
into the modulation symbol vector V without any pre-conditioning. This 
vector is then provided to modulator 122. And for an OFDM system operated 
with transmit diversity (and not in the MIMO mode), demultiplexer 614 may be 

30 removed or disabled and the (same) pre-conditioned modulation symbols are 
provided to (up to) N T combiners. 

As shown in FIG. 2, a number of different transmissions (e.g., voice, 
signaling, data, pilot, and so on) may be transmitted by the system. Each of 
these transmissions may require different processing. 

35 FIG. 7 is a block diagram of an embodiment of a system HOy capable of 

providing different processing for different transmissions. The aggregate input 
data, which includes all information bits to be transmitted by system HOy, is 
provided to a demultiplexer 710. Demultiplexer 710 demultiplexes the input 
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data into a number of (K) channel data streams, B x through B k . Each channel 
data stream may correspond to, for example, a signaling channel, a broadcast 
channel, a voice call, or a traffic data transmission. Each channel data stream is 
provided to a respective encoder /channel inter leaver /puncturer /symbol 
5 mapping element 712 that encodes the data using a particular encoding scheme 
selected for that channel data stream, interleaves the encoded data based on a 
particular interleaving scheme, punctures the interleaved code bits, and maps 
the interleaved data into modulation symbols for the one or more transmission 
channels used for transmitting that channel data stream. 

10 The encoding can be performed on a per channel basis (i.e., on each 

channel data stream, as shown in FIG. 7). However, the encoding may also be 
performed on the aggregate input data (as shown in FIG. 1), on a number of 
channel data streams, on a portion of a channel data stream, across a set of 
frequency subchannels, across a set of spatial subchannels, across a set of 

15 frequency subchannels and spatial subchannels, across each frequency 
subchannel, on each modulation symbol, or on some other unit of time, space, 
and frequency. 

The modulation symbol stream from each encoder /channel 
interleaver/puncturer/symbol mapping element 712 may be transmitted on 

20 one or more frequency subchannels and via one or more spatial subchannels of 
each frequency subchannel. A MIMO processor 120y receives the modulation 
symbol streams from elements 712. Depending on the mode to be used for each 
modulation symbol stream, MIMO processor 120y may demultiplex the 
modulation symbol stream into a number of subchannel symbol streams. In the 

25 embodiment shown in FIG. 7, modulation symbol stream S x is transmitted on 
one frequency subchannel and modulation symbol stream S K is transmitted on 
L frequency subchannels. The modulation stream for each frequency 
subchannel is processed by a respective subchannel MIMO processor, 
demultiplexed, and combined in similar manner as that described in FIG. 6 to 

30 form a modulation symbol vector for each transmit antenna. 

In general, the transmitter unit codes and modulates data for each 
transmission channel based on information descriptive of the channel's 
transmission capability. This information is typically in the form of partial-CSI 
or full-CSI described above. The partial or full-CSI for the transmission 

35 channels to be used for a data transmission is typically determined at the 
receiver unit and reported back to the transmitter unit, which then uses the 
information to code and modulate data accordingly. The techniques described 
herein are applicable for multiple parallel transmission channels supported by 
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MIMO, OFDM, or any other communication scheme (e.g., a CDMA scheme) 
capable of supporting multiple parallel transmission channels. 

Demodulation and Decoding 
5 FIG. 8 is a block diagram of an embodiment of a decoding portion of 

system 150. For this embodiment, a Turbo encoder is used to encode the data 
prior to transmission. A Turbo decoder is correspondingly used to decode the 
received modulation symbols. 

As shown in FIG. 8, the received modulation symbols are provided to a 

10 bit log-likelihood ratio (LLR) calculation unit 158x, which calculates the LLRs of 
the bits that make up each modulation symbol. Since a Turbo decoder operates 
on LLRs (as oppose to bits), bit LLR calculation unit 158x provides an LLR for 
each received coded bit. The LLR for each received coded bit is the logarithm 
of the probability that the received coded bit is a zero divided by the 

15 probability that the received coded bit is a one. 

As described above, M coded bits {b 2/ b 2 , ... b M ) are grouped to form a 
single non-binary symbol S, which is then mapped to a modulation symbol T(S) 
(i.e., modulated to a high-order signal constellation). The modulation symbol is 
processed, transmitted, received, and further processed to provide a received 

20 modulation symbol R(S). The LLR of coded bit b m in the received modulation 
symbol can be computed as: 



LLR(b m ) =log 



P(b m = 0) 



= log(p(*(S) | b m = o)) - log(p(R(S) | b m = l)) Eq (2) 

= iogf | r(S))]-iogf ^p(r(S) I r(5))l 

where p(r(S) | b m = o) is the probability of bit b m being a zero based on the 

received symbol R(S). Approximations may also be used in computing the 
25 LLRs. 

De-puncturer 159 then inserts "erasures" for code bits that have been 
deleted (i.e., punctured) at the transmitter. The erasures typically have a value 
of zero ("0"), which is indicative of the punctured bit being equally likely to be a 
zero or a one. 

30 From equation (2), it can be noted that the LLRs for the received coded 

bits within a modulation symbol tend to be correlated. This correlation can be 
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broken up by interleaving the coded bits prior to modulation. As shown in 
FIG. 1, the channel interleaving advantageously performs the decorrelation of 
the coded bits in each modulation symbol. 

The coded bit LLRs are provided to a channel deinterleaver 160 and 
5 deinterleaved in a manner complementary to the channel interleaving 
performed at the transmitter. The channel deinterleaved LLRs corresponding 
to the received information, tail, and parity bits are then provided to a Turbo 
decoder 162x. 

Turbo decoder 162x includes summers 810a and 810b, decoders 812a and 
10 812b, a code interleaver 814, a code deinterleaver 816, and a detector 818. In an 
embodiment, each decoder 812 is implemented as a soft-input /soft-output 
(SISO) maximum a posterior (MAP) decoder. 

Summer 810a receives and sums the LLRs of the received information 
bits, LLR(x'), and the extrinsic information from deinterleaver 816 (which is set 
15 to zeros on the first iteration), and provides refined LLRs. The refined LLRs are 
associated with greater confidence in the detected values of the received 
information bits. 

Decoder 812a receives the refined LLRs from summer 810a and the LLRs 
of the received tail and parity bits from the first constituent encoder, LLR(y'), 

20 and decodes the received LLRs to generate extrinsic information indicative of 
corrections in the probability values for the received information bits. The 
extrinsic information from decoder 812a are summed with the received 
information bit LLRs by summer 810b, and the refined LLRs are stored to code 
interleaver 814. Code interleaver 814 implements the same code interleaving 

25 used at the Turbo encoder (e.g., the same as code interleaver 314 in FIG. 3B). 

Decoder 812b receives the interleaved LLRs from interleaver 814 and the 
LLRs of the received tail and parity bits from the second constituent encoder, 
LLR(z'), and decodes the received LLRs to generate extrinsic information 
indicative of further corrections in the probability values for the received 

30 information bits. The extrinsic information from decoder 812b is stored to code 
deinterleaver 816, which implements a deinterleaving scheme complementary 
to the interleaving scheme used for interleaver 814. 

The decoding of the received coded bit LLRs is iterated a number of 
times. With each iteration, greater confidence is gained for the refined LLRs. 

35 After all the decoding iterations have been completed, the final refined LLRs 
are provided to detector 818, which provides values for the received 
information bits based on the LLRs. 
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Other types of decoder may also be used beside the SISO MAP decoder 
such as one that implements the soft output Viterbi algorithm (SOVA). The 
design of the decoder is typically dependent on the particular Turbo coding 
scheme used at the transmitter. 
5 Turbo decoding is described in greater detail by Steven S. Pietrobon in a 

paper entitled "Implementation and Performance of a Turbo/Map Decoder," 
International Journal of Satellite Communications, Vol. 16, 1998, pp. 23-46, 
which is incorporated herein by reference. 

10 Modulation Scheme and Coding Rate 

The achieved SNR of each transmission channel supports a particular 
number of information bits per modulation symbol (i.e., a particular 
information bit rate) for a desired level of performance (e.g., 1% FER). This 
information bit rate may be supported by a number of different modulation 

15 schemes. For example, a bit rate of 1.5 information bits/modulation symbol 
may be supported by QPSK, 8-PSK, 16-QAM, or any higher order modulation 
scheme. Each modulation scheme is able to transmit a particular number of 
coded bits per modulation symbol. 

Depending on the selected modulation scheme, a corresponding coding 

20 rate is selected such that the required number of coded bits is provided for the 
number of information bits for each modulation symbol. For the above 
example, QPSK, 8-PSK, and 16-QAM are respectively able to transmit 2, 3, and 
4 coded bits per modulation symbol. For an information bit rate of 1.5 
information bits /modulation symbol, coding rates of 3/4, 1/2, and 3/8 are 

25 used to generate the required number of coded bits for QPSK, 8-PSK, and 16- 
QAM, respectively. Thus, different combinations of modulation scheme and 
coding rate may be used to support a particular information bit rate. 

In certain embodiments of the invention, a "weak" binary code (i.e., a 
high coding rate) is used in conjunction with a low-order modulation scheme 

30 for the supported bit rate. Through a series of simulation, it is observed that a 
lower order modulation scheme in combination with a weaker code may offer 
better performance than a higher order modulation scheme with a stronger 
code. This result may be explained as follows. The LLR decoding metrics of 
binary Turbo codes in an AWGN channel is near optimal for the Turbo 

35 decoding algorithm. However, for the Gray mapped high-order modulation 
scheme, the optimal LLR metrics are generated for each received modulation 
symbol and not each received bit. The symbol LLR metrics are then broken to 
yield bit LLR metrics for the binary code decoder. Some information is lost 
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during the break-up process, and using the bit decoding metrics may result in 
non-optimal performance. The lower order modulation schemes correspond to 
fewer bits per symbol, which may experience less of the break-up loss and 
therefore provide better performance than the higher order modulation scheme 
5 counterparts. 

In accordance with an aspect of the invention, in order to achieve certain 
spectrum efficiency, a code with a coding rate of between, and inclusive of, 
n/(n+l) to n/ (n+2) is used with an appropriate modulation scheme, where n is 
the number of information bits per modulation symbol. This coding rate may 
10 be easily achieved with a fixed code (e.g., the rate 1/3 Turbo code described 
above) in combination with a variable puncturing scheme. To achieve a high 
coding rate, the tail and parity bits may be heavily punctured and the 
unpunctured tail and parity bits may be evenly distributed over the 
information bits. 

15 

Framing 

For many communication systems, it is convenient to define data 
packets (i.e., logical frames) with fixed sizes. For example, a system may define 
three different packets having sizes of 1024, 2048, and 4096 bits. These defined 
20 data packets simplify some of the processing at both the transmitter and 
receiver. 

For an OFDM system, a physical frame may be defined to include (1) an 
integer number of OFDM symbols, (2) a particular number of modulation 
symbols on one or more transmission channels, (3) or some other units. As 

25 described above, because of the time-variant nature of the communication link, 
the SNR of the transmission channels may vary over time. Consequently, the 
number of information bits which may be transmitted on each time slot for each 
transmission channel will likely vary over time, and the number of information 
bits in each physical frame will also likely vary over time. 

30 In one embodiment, a logical frame is defined such that it is independent 

of the OFDM symbols. In this embodiment, the information bits for each 
logical frame are encoded/punctured, and the coded bits for the logical frame 
are grouped and mapped to modulation symbols. In one simple 
implementation, the transmission channels are sequentially numbered. The 

35 coded bits are then used to form as many modulation symbols as needed, in the 
sequential order of the transmission channels. A logical frame (i.e., a data 
packet) may be defined to start and end at modulation symbol boundaries. In 
this implementation, the logical frame may span more than one OFDM symbol 
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and may further cross OFDM symbol boundaries. Moreover, each OFDM 
symbol may include coded bits from multiple data packets. 

In another embodiment, a logical frame is defined based on a physical 
unit. For example, a logical frame may be defined to include (1) a number of 
5 modulation symbols on one or more transmission channels, (2) one or more 
OFDM symbols, or (3) a number of modulation symbols defined in some other 
manner. 

The use of punctured binary Turbo code and Gray mapping (BTC-GM) 
for high-order modulation provides numerous advantages. The BTC-GM 

10 scheme is simpler to implement than the more optimal but more complicated 
Turbo trellis coded modulation (TTCM) scheme, yet can achieve performance 
close to that of TTCM. The BTC-GM scheme also provides a high degree of 
flexibility because of the ease of implementing different coding rate by simply 
adjusting the variable puncturing. The BTC-GM scheme also provides robust 

15 performance under different puncturing parameters. Also, currently available 
binary Turbo decoders may be used, which may simply the implementation of 
the receiver. However, in certain embodiments, other coding schemes may also 
be used and are within the scope of the invention. 

The foregoing description of the preferred embodiments is provided to 

20 enable any person skilled in the art to make or use the present invention. 
Various modifications to these embodiments will be readily apparent to those 
skilled in the art, and the generic principles defined herein may be applied to 
other embodiments without the use of the inventive faculty. Thus, the present 
invention is not intended to be limited to the embodiments shown herein but is 

25 to be accorded the widest scope consistent with the principles and novel 
features disclosed herein. 
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CLAIMS 

1. In a wireless communication system, a method for preparing data for 
2 transmission on a plurality of transmission channels, wherein each 

transmission channel is operative to transmit a respective sequence of 
4 modulation symbols, the method comprising: 

determining a number of information bits per modulation symbol 
6 supported by each transmission channel; 

identifying a modulation scheme for each transmission channel such that 
8 the determined number of information bits per modulation symbol is 
supported; 

10 determining a coding rate for each transmission channel based at least 

on the determined number of information bits per modulation symbol and the 
12 identified modulation scheme for the transmission channel, wherein at least 

two transmission channels are associated with different coding rates; 
14 encoding a plurality of information bits in accordance with a particular 

encoding scheme to provide a plurality of coded bits; 
16 puncturing the plurality of coded bits in accordance with a particular 

puncturing scheme to provide a number of unpunctured coded bits for the 
18 plurality of transmission channels; and 

adjusting the puncturing to achieve the different coding rates for the at 
20 least two transmission channels. 

2. The method of claim 1, wherein the wireless communication system is 
2 a multiple-input multiple-output (MIMO) system with a plurality of transmit 

antennas and a plurality of receive antennas. 

3. The method of claim 1, wherein the wireless communication system is 
2 an orthogonal frequency division modulation (OFDM) communication system. 

4. The method of claim 3, wherein the OFDM communication system is 
2 operated as a multiple-input multiple-output (MIMO) system with a plurality 

of transmit antennas and a plurality of receive antennas. 

5. The method of claim 4, wherein the OFDM system is operative to 
2 transmit data on a plurality of frequency subchannels, and wherein each 

transmission channel corresponds to a spatial subchannel of a frequency 
4 subchannel in the OFDM system. 
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6. The method of claim 1, wherein the puncturing is based on 
2 transmission capabilities of the plurality of transmission channels. 

7. The method of claim 6, wherein the transmission capabilities are 
2 determined from channel state information (CSI) derived for the plurality of 

transmission channels. 

8. The method of claim 7, wherein the CSI includes signal-to-noise ratio 
2 (SNR) information for the plurality of transmission channels. 

9. The method of claim 7, wherein the CSI includes information related 
2 to transmission characteristics from transmit antennas to the receive antennas. 

10. The method of claim 7, wherein the CSI includes eigenmode 
2 information related to transmission characteristics from transmit antennas to 

the receive antennas. 

11. The method of claim 6, further comprising: 

2 grouping transmission channels having similar transmission capabilities 

to segments, and 
4 wherein the puncturing is performed for each segment. 

12. The method of claim 11, further comprising: 

2 assigning a group of coded bits to each segment, and 

wherein the puncturing is performed on the group of coded bits 
4 assigned to each segment. 

13. The method of claim 11, wherein each segment includes 
2 transmission channels having SNR within a particular SNR range. 

14. The method of claim 1, wherein the encoding is achieved via a Turbo 

2 code. 

15. The method of claim 14, wherein the encoding provides a plurality 
2 of tail and parity bits for the plurality of information bits, and wherein the 

puncturing is performed on the plurality of tail and parity bits. 
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16. The method of claim 14, wherein the puncturing is performed such 
2 that unpunctured tail and parity bits are approximately evenly distributed over 

the plurality of information bits. 

17. The method of claim 14, wherein the Turbo code includes two 
2 constituent codes operative to provide two streams of tail and parity bits, and 

wherein the puncturing is performed such that approximately equal number of 
4 tail and parity bits are deleted from the two streams of tail and parity bits. 

18. The method of claim 1, wherein the coding rate for each 
2 transmission channel is selected to be between, and inclusive of, n/ (n+1) and 

n/(n+2), where n is the number of information bits per modulation symbol 
4 supported by the transmission channel. 

19. The method of claim 1, wherein the coding rate for each 
2 transmission channel is 1 / 2 or higher. 

20. The method of claim 1, wherein the encoding is achieved via a 
2 convolutional code. 

21. The method of claim 1, wherein the encoding is achieved via a block 

2 code. 

22. The method of claim 1, further comprising: 

2 inserting padding bits to fill available but unfilled bit positions in the 

plurality of transmission channels. 

23. The method of claim 1, further comprising: 

2 repeating at least some of the coded bits to fill available but unfilled bit 

positions in the plurality of transmission channels. 

24. The method of claim 1, further comprising: 
2 interleaving the plurality of coded bits. 

25. The method of claim 24, wherein the puncturing is performed on 
2 interleaved coded bits. 
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26. The method of claim 24, wherein the encoding is achieved via a 
2 Turbo code comprised of two constituent codes, and wherein the plurality of 

information bits, a plurality of tail and parity bits from a first constituent code, 
4 and a plurality of tail and parity bits from a second constituent code are 
separately interleaved. 

27. The method of claim 1, further comprising: 

2 forming non-binary symbols for the plurality of transmission channels, 

wherein each non-binary symbol includes a group of unpunctured coded bits; 
4 and 

mapping each non-binary symbol to a respective modulation symbol. 

28. The method of claim 27, further comprising: 
2 interleaving the plurality of coded bits, and 

wherein the non-binary symbols are formed from the interleaved coded 

4 bits. 

29. The method of claim 27, wherein the modulation scheme for each 
2 transmission channel is associated with a respective signal constellation having 

a plurality of points, and wherein each modulation symbol is representative of 
4 a particular point in the signal constellation for the modulation scheme. 

30. The method of claim 29, wherein the plurality of points in each 
2 signal constellation are assigned with values based on a particular Gray 

mapping scheme. 

31. The method of claim 30, wherein the values are assigned to the 
2 plurality of points in each signal constellation such that values for adjacent 

points in the signal constellation differ by one bit position. 

32. The method of claim 1, further comprising: 

2 adapting to changes in the plurality of transmission channels by 

repeating the determining the number of information bits per modulation 

4 symbol, the identifying the modulation scheme, and the determining the 
coding rate. 
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33. The method of claim 1, wherein the modulation scheme for each 
2 transmission channel supports transmission of two or more coded bits per 

modulation symbol. 

34. The method of claim 1, wherein the transmission on the plurality of 
2 transmission channels are intended for a single recipient receiving device. 

35. In an orthogonal frequency division modulation (OFDM) 
2 communication system, a method for preparing data for transmission on a 

plurality of transmission channels, wherein each transmission channel is 
4 operative to transmit a respective sequence of modulation symbols, the method 
comprising: 

6 determining a number of information bits per modulation symbol 

supported by each transmission channel; 
8 identifying a modulation scheme for each transmission channel such that 

the determined number of information bits per modulation symbol is 
10 supported; 

determining a coding rate for each transmission channel based at least 
12 on the determined number of information bits per modulation symbol and the 
identified modulation scheme for the transmission channel, wherein at least 
14 two transmission channels are associated with different coding rates; 

encoding a plurality of information bits in accordance with a particular 
16 Turbo code to provide a plurality of tail and parity bits; 

interleaving the plurality of information and tail and parity bits in 
18 accordance with a particular interleaving scheme; 

puncturing the plurality of interleaved bits in accordance with a 
20 particular puncturing scheme to provide a number of unpunctured coded bits 
for the plurality of transmission channels, wherein the puncturing is adjusted to 
22 achieve the different coding rates for the at least two transmission channels; 

forming non-binary symbols for the plurality of transmission channels, 
24 wherein each non-binary symbol includes a group of unpunctured coded bits; 
and 

26 mapping each non-binary symbol to a respective modulation symbol. 

36. A wireless communication system operative to transmit data on a 
2 plurality of transmission channels, wherein each transmission channel is used 

to transmit a respective sequence of modulation symbols, the system 
4 comprising: 
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an encoder configured to encode a plurality of information bits in 
6 accordance with a particular encoding scheme to provide a plurality of coded 
bits, and to puncture the plurality of coded bits in accordance with a particular 
8 puncturing scheme to provide a number of unpunctured coded bits for the 
plurality of transmission channels, wherein each transmission channel is 
10 capable of transmitting a particular number of information bits per modulation 
symbol via a particular modulation scheme selected for the transmission 
12 channel, wherein each transmission channel is further associated with a 
particular coding rate based at least on the number of information bits per 
14 modulation symbol supported by the transmission channel and its modulation 
scheme, wherein at least two transmission channels are associated with 
16 different coding rates, and wherein the encoder is further configured to adjust 
the puncturing to achieve the different coding rates for the at least two 
18 transmission channels . 

37. The system of claim 36, further comprising: 

2 a channel interleaver coupled to the encoder and configured to 

interleave the plurality of coded bits, and 
4 wherein the encoder is configured to puncture the interleaved bits. 

38. The system of claim 37, further comprising: 

2 a symbol mapping element coupled to the channel interleaver and 

configured to form non-binary symbols for the plurality of transmission 

4 channels, and to map each non-binary symbol to a respective modulation 
symbol, wherein each non-binary symbol includes a group of unpunctured 

6 coded bits. 

39. The system of claim 38, further comprising: 

2 a signal processor coupled to the symbol mapping element and 

configured to pre-condition the modulation symbols for the plurality of 

4 transmission channels to implement a multiple-input multiple-output (MIMO) 
transmission. 
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c: c i? , if on ? n/c f- ^ x f 'j - a t s f - ? y - h a , a x r 
A©ftf / F«n©^®^fessff^n/c«^-M-/^x-Rtj : -Tpit ( s n r ) * m m 

L T £ £ 1ft ft % < tt20f-?l/-KilL<St\ 

[ S m ft W ] io 

[ 0 0 0 1 ] 

-fitf-^iiic^D, St, f s f t ^ 1 fl x r a , M * (f , ^ 7c 

A ft ft ft ffi ft (MI MO) i/Xfi, ©fcROS&Wf^iMVfcttLTjgflSftS^SrfcR 
[ 0 0 0 2 ] 

7^7bxif->xfitfe^t, siaiii^oRFii^nfttfa, at ft © £ 3 s 

SS^MTSillcK^ltt^feSo e 51 m g& © W 14 f± , -|t7i-f^^Stfv 
;Vf-/<XO«fe5a«l»[©H?©/'cJ6t^Ki:i:fefc^{k"rSo If SigRjlliltjSf *^ 20 
7 ^ - is T 4 ft ft * S 46 & ft 14 f£ ft fa ± ft % Tc 46 £ , «i©SiRtfS«7yft^ffi 

■e n n (t4b-5, i o © s g§ t ft w- s is m ft m © s g& t ft w- § 51 « © n i@ -a- 1 l t 

ll^nft^) % CftB'>S( tUSgSSt'iillYJS, r - X }M IS * IE L < § 1§ 
T3<li:©nrtgttB7 7 y 7 7 © SSc ft it » ft 3 t t fe t if tin ft 3 0 mmRV&m 

ryftoss'iftitst'Qh, ^ >r ^ - 7 7 ^ ft m * l , ^LTttiitffoi-rSo 

[ 0 0 0 3 ] 

^ftAftftftffift (MI MO) H 17 7 X 7 A tft ft - X ))Hrft<: ft L T i5c © (N T ) © 
>S 19 7 7 7 ft & ft i« fx © ( N R ) OSI7^ftSSffl , r5. N T © )1 If R N R © § 17 
7^f ttiDI^Sn^M I MOf f N s 7 m i n {N T> N R } fJ5S, N 30 

s © ft L ft f - -V * ;V ft m 2 ft 3 ft 14 ft 3 0 N s © ffi £ L A 7 * ;V © * ft € ft fe 
, M I MOf t*;VOSFdW+)-77t^^ (gL< tilflf f ft L T nf ft ft S nj |g 

tttfifc!), * l t A # * t a is ft § ft tg a # s o m. m © m m r xj 9. m r y f 1 «t ? r 

ft t) ffi £ ft ft ft] S ft fc A * * ? !l ffl * ft S © -Z? tb ft «7 M I MO'>Xri!i> ft ± L fc ft 
HE ( M * «\ S 19 DB ft © it » ) fc-SfcSCfctftftSo 

[ 0 0 0 4 ] 

xh'j-Ati, n T ©^M7yrft©^ft^ft^e»^M*ftsnrtgtt^feSc it * ft 
ft - x x h u - h it % a * -3 & ft * * ft *? n ( M * ar > a * ? /& 7 x - rft > ^ & ft v ;p 
ft x a jg ) ft m m ft s ft m 14 ft d , * l t m ft © * © « m ft t ft l x a * ^ it m ft 40 

-ft-y^X-Sft-ftpirb (SNRs) ft)USftSft|g14ftfeSo Ilfiftf 

p m m ft d -tr z; y it « ft /& ft - x x h u - a ft s ft -r « it & t s « « t ft ^ r is a 
(KTta^s) , d -e ft - x x h u - a ft ft ft * ft s Hi* w * m s t is 

#LT, IS^fcSNR s^, ft-XXhU-AtftLT}ijS^ftSft|g14ft<feSo L/c 
*'ft, SSftcr-Xl'-Hi, *n6<Dll«nftSNRsli:ft#LT, S * -p fc ft 
- X x h y - a t i r ft *° - h * ft s ft fig 14 ft & 3 o ff*;V«l^-«Wi;:Mi:i: 
fek:Slt5©i?> ft ft - X X h y - A t «fe -p T ft *° - h * ft fc ft - X 1/ - h fe , EJ# TeS ft 

[ 0 0 0 5 ] 

M I M O ft * 7- ft (D # 14 ( M X. tf , ft - X X h 'J - A t ft L T 11 * ft /c S N R s ) ft 50 
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-A t itg > §ftift[4ft& t) , ^©Sl, 14tg 

© ft § * § b ^ ft ( M x. ff , l^-lr>h©/^7 M7-l/-h) f-?XMJ 
-A(cSttI^^ft§nrif ^$5o L ft L ft ft , l§M I MO->Xf AlcMLT, 
C © If IS t/i s g « « t *5 ID T flj ffl "Z? # * ID o ft <D ft t> D t , flj ffl "Z? * 3 ft tg 14 S fe CD 

a , jm t © t cd t a -r s # t ps e> ft /c * © it is ft s o m a a\ giatfc^tiTc 

f-*XHJ-Ali:#lT|}fifSnfeSNRi:LTSS«hSnIitt<0»*, MIMOf 
tl/l'tjtftSt^V-f-i' y ft S N R f 6§o LOl^tli^ ^ ft « f± % c cd PS 5 ft ft 

HX^-i^RgtS^S^JiSttf ?*S, 10 
[ 0 0 0 6 ] 

ft ft 8> * , PS 5 ft ft 'ft IB Ifi M I M O ft * * )]/ CD ft 46 CD M ft « t ft ID T ifil ffl t? * S if ft % 

ft 3 ft 46 CD S« t ft L T d CD ft © t ft « M14 S 0 
[ » H © H * ] 

[ 0 0 0 7 ] 

[ ft v V - ] 

ii ft CD ft ■¥ * ;V « H CD fi§ IS ft 3d S ft -V ft ft ft M If IS ft S ft « ft ^ Tfijfflf t4 ID if ft 
t % M I M O ft X r A lc M ft 3 ft ± L ft 14 tg ft ft tl S ft 46 t R ffi ftft C^tlft^tiSo 
& * MS «t T? & > r - * U - h CD ft t§ - ft 12 ft ft , m m 2 ft ft ft - X X h U - A \C ft L T ffi 20 
ffl?ftSo f-ft-ft, ( 1 ) fi ffi PS CD " g ft ^ ft /ft* S N R (KTtKS) ft ft 

tsisjnft^cx^i'h;^?, gi<a (2) fgg^nfeSi^nfcSNRta 

ft 3 J: D A <D ft 1* co x ^ * h ;V & m , ft 51 ft 3 ft 46 t it J? 2 ft S pj fcg ft ^ & 3 0 ft fH cd 
BWcDftftftftftMftSfti6cDfi{*WftXft-ftft, Hi:i£4)l6n*. 
[ 0 0 0 8 ] 

ftfE^ft/cJg 1 cd S WftMftS /c46t1Sffl^ftSft|g14ftfeS JI1*W*^ffi^tl^a 
, ft ffi f± ^ ^ ft ft ^- ft 11 ft i/ X r A t ft ^ T II S CD m ft ft ^- ft ft ft L T }M {§ * ft S < 

ftS l(Dft-XXhU-A*ft MIMOi/XrAffcDftlMISTyr^ftgElaL 

TS6flt*n*BTlitt««»*) o C CD ft a t L fc ft -d X s ft - X X h U - h t ft L T ffi ffl * 30 
ft £ < # II |5C CD ft - X 1/ - h CD % ft ft ft t ft L T <& S * S N R ft, SJafrfcRSSftSo ft 
ft<ilfe2(Dft-Xb-h*ft ^ L < * ^ c Sf-^XF'J-Atltl " H W * " S 
NR (ftftiftS^S) fe, ft-XXhU-AftftftftS/c46t, SlftfcSNRIoiff 

ftSo ftft-XXhU-AtftLT^S*SNRt±, f-^Xl-'J-AtltSiiWS 
SNRtSlT^OittllSn?, ftft-XXhU-AtftLT^S^SNRft, r - £ 
X h U - A t n ft * H ?A W * S N R £ D ft * ^ ft L < lit m L ft ti\ f-ft-Hi, ft 
jS- h £ft3t* T-fe3 tWI *ft3o ft- # h cDlli^cD^ -y h ft, fFfS^ftSRlftg 
14 ft $ D , * L T II ft cd S ft S ft fc S N R t n 51 ft IftS ft fc U - h -fe y h f± , ft - X X h 
U - A t ft ft S ffi ffl cd fc 46 tl IS * ft S ft DB 14 ft 3 o 40 
[ 0 0 0 9 ] 

ft IE ^ ft /c SI 2 cd a WftMftS /c46tfSM^ftSft|g14ftfeS JH*W*^ffi^H^a 
, ft ffi f± > ^ ft ft * ft ft ( M * tf > M I M O ) M ft ^ X ft A t ft ^ T II |5C CD m ft ft ft ft 
( M * (f , il/yrf) ft ft L T m ft * ft 3 ^ # II SSc cd ft - X X h V - A t ft L T ft - 
Xb-hft?^ftftS/c46tft^P)ft§o n©^StL/cAft ft Sft^ft/cSNRtft W 
6tR$«n8. CCDffjnftSNRti, S> X ft A |c ft L T fg ft 2 ft S ft tg 14 ft S , 

|g 14 ft tb % o ft ft - X X h V - A C M ft S % * » ft S N R fe , S 1f S ft Tc S N R & ft S ft 
ft t ft S 1i in » ft ft P ffl Pt ft a ft s/ y ft £ » ft ID T R ft 5 ft S o ft ft - X X h V - ft k: 
HTST-ft-M^ ftcDlJft 'J>S< fcfe 2©f-^l/-h^f KS^ftlftftcf 50 
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- 7 x f u-AfciB-rss&awft s n RtitJ^Tftgsn«. 

[00 1 0 ] 

f¥ ID t IIS 01 * ft S * 5 fc , SS> 7° D -fe , Ifla^7 S « it a - -y F 

, Mil, *-5*;K ^fi> Rtf*^S©t«©li, fi«17 Rtf#**Hff 

[001 1 ] 

[0012] 

issnfcf ft it is \c m -3 7 r m m <d t - 7 x f y - a t *f -r s r - 7 u - f 

(D -tr -y F £ & ^ 3 fc 46 © 7 7 t M 7^ fc K ft5 Si , jcf f ^;H«->Xf Afc 

fevTHfr*n*Briitt««»*, * © £ 5 * ^ 7c f- * * ;v a f» 7 x f a a , ^ 7c a ft & n 

ffi tl ( M I M O ) M it is X f A , * S M jfi # • J V ;l/ f - 7° U is 7 7* (OFDM) jl it is 
X 7 A , O F DM^SffltSM I M O y X f A ( f & fc> ^ > M I MO-O F DMyXf A 

) % M^©ii«ft 0 mmicr % rob S7 ©tg«Mft»tg^ mimo->xt 

[00 1 3 ] 

M I MOyXri!i> T - 7 £ ft O 7c 46 t ffi Si ( N T ) © M it 7 7 f ? R II ffc ( N R 20 

StlftMIMOf t*;Hi, N s 7 m i n { N T , N R } $> tft N s © ffi li L 7c ft -¥ 7- 
ft t y> 8? 2 ft S ft m 14 3 o N s OliELftf + ^;KOf tlftlfe, MIMOf^Wl 

© s ^ w -9- 7 ^ 7- ;f ( g l < t± m it ft 7 7 ;f ) i:br*a*n*Briitt««»*, ssw 

■9" 7 ft 7 7 ft <D W it s M I MOf t^/HcStSBft-FOiiaoTaft^nS. C 
ft!i|l7 N T Oif7 yf f t N 8 Of §7 >r t t 0|©jS§*iffifSf t 
§VMJ7 7X, Fft tft#t5„ f t*;VJSSv t- 'J 7^X> FU Oglli, 1 = 1, 
2 , . . . N R R Xf j = 1 , 2 , . . . N T lc ft ft Z> , n ft L 7c ft 7 7 7 7 7 7 7* A ^ Wi 
{ h , j} & « Jfc S ft S , cTfy hj, j f± , j SgOii7yrt t i SgOS 
{§7 77-7 £ ©PeS©* -y 79 77 ( T * ^5 , ll^fiJff) T? S 0 * fti t ft S 7c 46 t , f- 30 
7 7-;FjS« : vFy-y7X, H_, t± , 7;F-C777 7 5 <gSi;ffi/S2ft ( f * t) -5 > N s = N 
t^N r ), fLT, 1 o © ffi A L 7c r - 7 X F U - A *7 N T «Ii7yrt«^nf 

[0014] 

Hi IZ S MIM07X7A1 0 O^OSflv'XrA 1 1 0 StfSfllv-XTA 1 50 
©Hi I©7ny iitfe? 0 

[0015] 

S ft ft "> X 7 A 1 1 OtfeOT, lS©T-^XhU-AtMt3 h7727^T-^ 
ti , r-7 7- Xl 1 2 5 g ffi (TX) r-7 7n-fe-y9-l 1 4'\476ns„ feS^ 
lllftt, #r-7XFU-At±, ?n?ti©li7yrt^g*LTll?n5, T 40 
X 7* - 7 7 D -fe -y 9- 1 1 4 17 * © r - 7 X F V - A t » L T 1! 2 ft 7c # yS © 3 - 7V 
7 7X^-AtSy57T, ^7-?Xh'J-7tM7« Fy77^7-«7*-V7 
F L , ^LT777-9-7LT, 3-Fft*nfe7*-#*4**o 

[00 1 6 ] 

# 7* - 7 X F U - A t « L T n - F ft 2 ft 7c t* - 7 f± % / W D -y F r - 7 * ffi ffl L T V 

L < f± n - F » fJ v ;F f- 7 7 is 7 7 ( C D M ) V h % „ / W D -y F r - 7 f± , - ft K ( 
k t ^ < ) 7D5ft7cy7r\7 ; ©JI2ftSK7[]©r-7^7-7 7 ; <gD, f LT7ty77SS 
* ft % ft S 7c 46 IC 9. it m is X 7 A £ 33 7 T ffi ffl 2 ft S rT tg 14 ft tb % 0 # 7* ~ 7 X F 9 - A 
t *f L T v ;F f- 7° 7 y 7 X 2 ft 7c ^ 7 n -y F R n - F fb 2 ft 7c r - 7 t± , t <D & , * © 50 
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f-^XhiJ-^fc^UTlR^nfeff^OSlX^-i, (MXft BPSK, QSPK 
, M-PSK, fKBM-QAM) tltJ^Tf ( f * fc> To ^ yy*;l/Vy7° 

2ftT) , llsnfti'>'#;l/*#^3o 7* - X y - V , a--? j yy\ r # r - X x 
hij-At^t-Sfia, nyhn-^i 3 0lci^T-§-x.5ft§fiicJ;9taS^n 
S j£ 14 * * o 
[0017] 

£r <dt — $ x h v — nctt? ZMM'y y tffrit. t © ft x t x m i m o 7° d -t -y v 

1 2 0t#if)tl5„ T X M I M O 7° D -fe -y +J" 1 2 0 tt , ( M yt ti\ OFDMtjlftS 

) sw^^^^^sstfflafSBriitt^i&So tx m i m o 7° d -t -y -9- 1 2 oa, 

©t> N T Oliv-yiK^Xhy-A^NT ©Sii (TMTR) 1 2 2 a 6 1 2 2 t 10 

L < it t ft SH. ± © 7 7" P X it # * 4 * S , * L T 7 7" ;V X If # * * 6 £ II EE L T ( ffl * ff 
, ML, 7^1H> ^LT7-y7°ny/^-hLT) % M I MOf t^;V*lS LfcS 

m ic jg l fc m m ft tc m # * 4 * s 0 {§ « 1 2 2 a s 1 2 2 t e © n T © m 2 n 

fc H # > * © ft > ?tlfnN T ©7>ftl 2 4 afr?) 1 2 4 t & as « S ft s , 
[00 1 8 ] 

S ft S X f A 1 5 0t*^T, fll * ft fc S II * ft fc f» # f± % N R © 7 y T -f 1 5 2 
afr?)l 52 rti^tfl^nS, ?Lt^7yff 1 52**6«fll*nfefll#l4, * 
n?n©§ii (RCVR) 1 54t|i5tl5o # S (H « 1 5 4 f± , ^ ft ^ ft <D § ft 2 
ft/cfS^^rllfiL (Mx.ti\ if tM L , L T X 7 y 3 y f\ - h L ) % ^^7° 20 

;v*4**fei6tiiS[*nfefli#*7*'C y'XMtL, ^-ltajsts "gf^nft" yy 

*;VXhiJ-A^^iSf;fettfy7";^26£Mt-S„ 
[00 1 9 ] 

RX M I M O / r - X 7° D -fe 1 6 0 f± , ^ © ft , # 7S © § f§ $ 7° P 4r y y X K « 
tI^^TN R ©fffil 5 4 5 © N R © S {§ 2 ft /c 5/ y * ;J/ X h V - A * § If L % 5a 

ilt, n T © " ffl * ft fe " *y y # ;v x h y - a % 4 a s 0 rx mimo/t-^7 

p -fe 1 6 0 t J: S 7° D -fe 5/ y XX± % KTt 2 6 tcfltl^ 5 la? „ # & ffi * ft *> 
y * ;V X h u - A f± % a JS T S r - X x h y - A t *f L T ^ fS * ft ^ II y y # ;V © ft j£ 
W S y y ;l/ ^ o RX M I M O / r - X 7° p 4r -y +J- l 6 o tt , ^ © ^ , # ^ tH 

s ft fe y y * ;v x h u - a * r * y a u - h l % r -r y x - u - x l % ?ltt3-fl 30 

T, f-^XfiJ-itJ}t5 F77^'^f-^%#4t5. RX M I M O / 7* — X 
7° p 4r -y ^ 1 6 0 Ic <£ 3 7° p 4r y y X tt , Sffi->Xf A 1 1 Olcfe^TTX M I M O 
7°P4r-y^l 2 0MTXr-X7°P-fe-y9-l 1 4 t J; -3 til? lift t O t» L tl^ 

[ 0 0 2 0 ] 

R X M I M O / 7* — X X 5 P -fe >y -9" 1 6 0 & , M x. ti\ h ^ 7 ^ -y X r - X # 1S ffl L T 
v ;l/ f - 7° Is v X X * ft It >f p y htl'i^T, N T © m it R N R ©§f7yft©S 

<of L + *;vjs«Fo«isw*»tH'rsRrtgtt^fes 0 f- * ;i/ js * » m m a > » « « t *s ^ 
r s ^ g l < t± s ^ / m m x p -t y y x * n m t it *6 1 fs s * n s rt db 14 ^ s 0 rx 

M I M O / r - X 7° P 4r -y +J" 1 6 0 It , ^ffl*ftfciyy^;VXhy— A©ff#-W-X 40 

<< x - & - =f & it ( s n r s ) % s?>*fe^e»<ffi(Df L -¥^;v#tt^*e»£»^-rsnrii 

tt^$5, fLTLlx5©I^ny hn-y l 7 0 t^iS^IilS^fe^o RX MIM 
0/f-77ni!7f 1 6 0fL<!i37Fn-7l 7 0!i, ^Xf itjiftS "^-^y 

- r -f y X"' sNR<Djisn**6t*tB'f*Brjitt«'**o c ft a > a fit u y x © n 

(D m m 3 o a y h p - 5 l 7 0S, © ft , f-ir*;Vtt!BflllH ( c s I ) *4i5. 
eft it, liu y^stf/gi< (±Si?tifcf-^x hy-Atstsi^o^^7°o 
«**^«f*Brftltt««»S. lilf, c s Hi, t^v-f- j y x* s n Rmifztmmt 

Z Rf It 14 ^ S o CS IB, * © ft > T X 7* - X 7° P -fe -y V 1 7 8 fc ± -3 T © S 3 ft , ^ 

yn_y-xi 8 oti^tfi^n, sfsai 5 4 a e 1 54 r t i^tii^ft, 

Lt, iii->xf a 1 1 o^f tut^n?, 50 
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[ 0 0 2 1 ] 

1 © S "> X f A 1 1 Otfel'T^ fliv-Xf Al 5 0 5 © $ II * ft ft (9 ^ f± s 7> 

i^Tft^alz-h^^ ^LTRXx-^Xn-fey+M 4 2 t i -3 til? fit, S 
iiv-XfAtSg^tifeC S I^SitS. ffi n £ ft ft C S I It s ?Ot, rnyhn- 
71 30t#i5tl, ?LT (1) f - ^ b - h Stff - ^ X h 'J - A t M L TIM 2 n 
y^StflfX^-A^a^t^ftfe, •?• L T (2) TXf-?7"Dt7 
■9-1 1 4StfTX M I M O X D -fe -y +J" 1 2 0 ft T § fl © M fP # £ X § ft 46 £ fS ffl 

[ 0 0 2 2 ] 10 

nyhn-^i 3 0RI/1 7 0S, ^ft^ftgftaRMffffiyXrAfc^tS^l-' 
-->3 y^f It? 0 «'J13 2R[f'17 2!i 1 ^tlftinyfn- 7 1 3 OStf 1 7 
o t <fc DffifflSftftXnXXAn- FRtf7*-*tWr*«Hft*4**o 

[ 0 0 2 3 ] 

M I MOv-Xf AtjlftStf/Hi, £tT©<k5fcgSft*nriitttffc« : 
y = H x + n S ( 1 ) 

jl^ % § (H 2 ft ft ^ ^ h ;K tftfc?, j_= [ y , y 2 ...y NR ] T ,cl 
:T {y t } tX i*IOSi7yfttU^TSi«nftx>hiJ-?*!), fLti 
e { i , . . . , N R } t* & K> , 

xjt ^ § {§ 2 ft ft ^ ^ h ;K f * fc> % s 2L.= [ x , x 2 ...x NT ] T ,CC 20 

7- { x j } a , j S @ © S fl 7 y f f t is i/ 1 t S ft 2 ti ft x y b 'j - 1 $ x j e { 1 , 

. . . , N T } t"$0> 

H_i± , M I MOf t^;Hc^TSf t^;HS^? h 'J 7 XXf^ 1 ), 

nji % 0_(D ¥ft^7 f;Htf/L„ = o 2 _L© ±t ft gfc v i; y ? X % % ? % HIXi&lK 

fry << v # 7 s/ 7 y y -r x ( a w g n ) ta\ oj± •*? n © ^ t> h jv v & o , j_ 

•?• L T o 2 It J -Y X © ft m "Z? h 3 , ^ L T 

[. ] T tX [. ] Ofil^^t. 
[ 0 0 2 4 ] 

glSItfe^tx^t^yy^'tEHLT, n t ©li/yf t*^ii^n/cN T 30 
6 fit * ft ft 3f s <d *y y # ;v x h y - a it , m x s s & x ffi m t* x r © n r © § {§ 7 y 

r X t «fe -3 T § fS 5 ft S X m 14 X 3 o *St«nftfltB, fOi^tLT, N T © £ 

fB * ft ft y * ;v x h y - a © n x n © $ X * ^ t? x f£ tt x & s , n R © § m * ft ft {§ 
# a , x r © n T © & m £ ft ft s/ y x ;v x h y - a * j£ is ic # ■& a -f <g s 0 L ^ L * ^ 
6, ^ns«N T ©'>y#;vxfij-AB, n R © g f§ s n ft it # © t ^ it * ft s 0 

[ 0 0 2 5 ] 

sfatfc^t, a * © x d 4r is y x s « f)\ n r osi«nftif*»it«ftftt 
ffiMsnsBriBtt^a&tjT, n T © ^ f§ s n ft 5/ y >x ;v x h y - a * tk m -r s x db tt ^ 

So Cti6©Sfli7 , niryy7"Sia, 2o©i%#rXy-fcX;V-X{b£ft3nrt& 40 

snwstfSfi-t^SffiT'ntyy^gi (cna, >r 3 9 >r -tf - >> g 
y s « t r «> «f a ft s ) , r 

" a ee w x ? u y x x -r 3 5 ^ - >> 3 ystfT#ii" fii/'ntyy 

X S «f ( c ft ti > " 3 ft » * =F m m #1 " SUti ffi » M S««Xn-fe>yyXS 

[ 0 0 2 6 ] 

- is t , s rtS w s if s - Bt p*g s ^ a x n -t ^y y x a w a > SMatfe^TSS^^n ft 
y y ,x ;v x h y - a ^ k grj l «fe b t U * § 0 # ft S ft ft y y ,x ?v x h y - a a , ( 1 ) 
f t*;ns§©i£itiy^TN R <d s « « ft ft « # tf t ft $ ft ft si m * ft ft ^ y * ;p 50 
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X h V - L.<Dm* (Dfcfttttit&T % Z. £ , & ft ( 2 ) ffi CD is y # ft X h V - L, Iz jg H ft S 
l£T3 d i: (fftt)*, ffl R& f * C i: ) tioT "ifli^ns" rT fil tt ifc * , 

d ft 5 cd s M S 7° a -t y y ft s « a , ( 1 ) i©->y*;vxby-i^5©TS?l<t 
ftftli:**<!)S««nfe'>y*;l/XhiJ-A*f3iJl/-ft«, gL< (i ( 2 ) ffi cd 5/ 
y # ;p x h y - a to 5 © / x & =f $ © ft ft © * -e # tft m s ft ft y y * ;i/ x h u - a <d 

ft T ) , i/ y ftftl/ x h y - a t ft ft s h ^ x ^ -y ^ ft - ^ ft B ft ft s o 

[ 0 0 2 7 ] 

» 8! ft * i'J ft S f§ S ft p -fe y y ft S ftfti , SSWgL<(i$^-iSSii^ot->>' io 
ft ft ffi ffl L T % -StlO, g {§ * ft ft 5/ y ft ;!/ X h U - A ft f£ ft L T % ft L T ft " ft ft 

* ft ft y y ft ;i/ x h y - A " fcjBHfSTS^ffJRfcfSCfcfctt**, ft © *S * % ft S 
ft ft * ft ft y y ft ;i/ x h y - A f± % ft L cd ft j$ L ft S ty ft t % «fc 0 S ^ s N R s ft 1 $ T? 

* * ft ifts ft & s o ft n ft * n it y y ftfti/ x h y - a t m h ft * ft & /ft ie ss t ft ft •? * 

, tlTl»3n80?»ntf, )i ft ft ft M S f§ it 7 p ^ y y ft K « (<ft ffi ffl S ft s nj 
ltt*ft?„ d ft {± , y y ftfti/ x h u - £ © x 5 - ft M ^ ft l < a ffi x 5 - ft ft ft & S £ 
ft s o * m ft ft ffl m § /§ s ft p -t? y y ft s « ( d ft & , « t ^ t m t §sro * ft s ) 

a, r^SfSSftn^y yftS« £ 0 

[ 0 0 2 8 ] 

m m ft ft ffl ft § f§ «t ft n -tr y y ft S « t M L T , N R cd S {§ £ ft it y y ftftV X h u - A 20 
t± , n t oxf-yia^TiiJtiT^ ft x f - ft t ft ^ r i o © g fs * ft it y y ft ;v 

Xh'J-A*liWtSit5„ ft ^ fS 2 ft /c y y ftftl/ X h U - A ft n ft 2 ft S i: i: fe t 
, S -3 r ^ 3 ft ft h ^ ^ ft r ^ ft ^ y y ft ft x h u - a ic ^ c s =f i$ a , s ft 2 ft y y 

ftftl/ X h U - A ft 5 ft ft 2 ft , ?LT'II?ti5, ft L T , " ^ II ^ ft /ft* y y ft ft X h 

y - a (ft ft cd x f - ft t «fe -3 r s e> t © a * ft r , ft cd )M fs ^ ft /t y y ft ;i/ x h y - a 

ft ft ft ft 3 o & m * ft ^> y ft fl> X h U - A ft X 7 - ft L -Z? ( ft L < f± II ft CD X ^ - Tft 
ft ft * ft 3 d i: ft V f S ft 5 ti\ ft L T ft v ft ;!/ ft ^ ft ft W ft S S t IE 5S h Z> ft 6 «\ 

ft ft ^ ft y y ftfti/ x h y - a t g h t" ? f i © § aswtfty, ft l r ft a in w 
t # ^ * ft it y y * ;v x h y - A cd s n r h , # * ft s 0 coiHlT, iya^tt 
m to, ft r cd m m * ft y y ft ;v x h y - a t % l t ( ft ft 5 < ft ft * ft s ^ t m ® cd ^ 30 
m « ft fc y y ftftl/ x h y - a ft 1$ ^ x ) 1 * ft s ft IftS ft h % 0 

[ 0 0 2 9 ] 

ft ft CD « fg ft , CC?ttffiM«n* : 

" s fs * ft fc " y y ft ;v x h y - a - ^ m r y f ft ft 5 s fs * ft fc y y ft ;y 

x h y - h ; 

" s fs * ft /ft* y y ftfti/ x h y - h - m m » ft ft P ffl ^ ( s 1 c ) s a m cd 

H 1 cd X f - ft £ ft It S ft PeS W ft L < f± ft PeS - Bf PeS ft n -fe -y ft /\ cd A ft (|6#|) ; 

"lunft y y ftfti/ x h y - a - s 1 c ft fi © # §1 * ft < x r - s> t 
ft s ft PeS W ft L < f± ft PeS - B? PeS ft n -tr -y-y /\ cd A ft ; 

" ^ ft * ft fc " y y ftfti/ x h y - a - ft Pe§ ft ft d -t -y-y ft 5 cd m ft ( * a n T 40 
- k + 1 y y ftfti/ x h y - a $ 1? ft x f - ft k t ft ^ r ^ ft « ft s ft ifts ft as 3 ) ; r ft 

" ft ft * ft fc " y y ftfti/ x h y - a - s fs m t ft ^ r ft 3 - p « ft r ^ s y 
y ftfti/ x h y - a ( 1 o cd tft ft * ft fc y y ftftv x h y - a /cftt ft, ft x f - ft t ft ^ r ft 

ft * ft S ) o 

[ 0 0 3 0 ] 

H 2 f± , n T cd ^ fS * ft /c y y ft ;i/ x h y - A ft ft ft ft s /c 46 t N R cd g fl * ft /t y y 

ftfti/ x h y - a ft © a ft 3 fc 46 cd a m ft ft ffl is s ft s ft p -t y y ft s us ft ft ft x a - h t? 

35 s o ft M c ft S /c 46 t , 8 2 k: B6 f S « T cd ^ f± , ( l ) S Pe§ ft ft ft ft + ft ;l/ cd ft f± 
, gi7^f tOttfcf (ftftfc^, N s = N T N R ) , Rft (2) lOOSiL 

ft ft — ^ X h y — A /ft #)lfi7 yr ftft 5 iSff ^ft3 d iiftfMftftSo 50 
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[ 0 0 3 1 ] 

w i oxt-j'tjtLT ( k = i ) , s m m n , n r ©sfl«nfti'y#^xh'j-i 

t S PeS W ft L < f± S PeS - Bf PeS 7° a -fe 7 > 9 % W t H S£ L T % N T © & fit * ft fc 5/ > # ft 
XFU— A^KJWrStfcfctti&S ( X r -y 7° 2 1 2 ) „ 11 OXf-S^KJJlT, S PeS 
W =g L < f± S PeS - Bf PeS 7 d -fc y y 7 » N N T © (*KSt2ftT^So) SI?n/ci/y 

* ft x f u - a © ft m m x s n T ©iffi^ftfc->y^;i/x h'j-A^^isns. ^ m 

StiftJ'y^/VXHJ-iOloB;, * © , ( M * ti\ # S © 51 |R X ft - A t £ -3 ^ T 

*';FX F U —k<DT 47 yf- 4 t 4 *ft 7fV *U (a priori)»I 6 *x* © T* fcnfcf ^ S PeS 

W ft L < f± S PeS - Bf PeS 7 n -fe y y 9 tt > coafl*ftft'> V*;VX MJ-it^lT 1 o 10 

f£ «• © M tH 2 tl 5/ y # ;V X F y— A*-£*Sfe»fcH*SftSBTiitttffcSo ^fti<D 

i^ti^Tt, a jr 2 n fc & ffl 2 ti 5/ y # ;v x f y - a a , *6t«ia*nT c w * 

ti\ rt?al/-h?ti, ft^y7-y-ft£fu * L T r n - F * ft X ) % fn-F? 

S ( X f 7 7° 2 1 4 ) o 
[ 0 0 3 2 ] 

* © ^ > £ T © 51 fit 2 ft fc s/ y ft ft x F y - a ft ft £ * ft ft S ft to « S & > * * ft * 
( X f 7 7° 2 1 6 ) o Si* s ftxX4^i\ § ft S 7° n -fe 7 y ft li & 7 f £ „ t ft fit ft X 
as ft tft n R © § ft * ft y y # )\/ x f y - a © % ft ft ft \c o ^ r it •=> it 4- - H 4 * ft ft 20 
i/ y * ;v x h y - a \z m m t % ft m tg^ns ( x x >y 7° 2 1 8) 0 ftpt±, ceo 

f-^XF'J-AtJfLTl«ia^7 h t ft ^ TfSffl * ft /c ill-© n -7*-f > ^\ > 
ft'J-t"y^\ fLTglX^-A^f MLt) W i6 lc ft n - F f£ ft It 7* - * X h U - 
i^Biyn-fftH, Biyn-FJtifcT-Mftft'J-k'y^L^ ^LT 
ftv^-tj-t*yy?tifcf-x*'>>*;FV'ftft^i-5ctia9T, tg^lisg 
Stttf^o, " n s n * ft " yy^iFXF'j-A^is. n&m-sftfci/v x >v x f y 

-Afiv -3 fc 4 B ^ * ft ^ fS * ft tc is y # )\y X F y - A © ft S tf h o B ^ II 2 ft 

5/ y # ;F x F y — A {± > t <D '<& s f - ■¥ ^ ;F JS ^ ^ 7 F ;F h_j tpCNj 
ti^tnyl;!/ 7 ( convo l ve) ^ ft r , feftc^-Bt?tifc-yy«;FX F 'J-Atg 
8t5N R F;Fh_j B< fcftc^-B42tife-yy*;FXF 30 

y-At^LTf ffl^ftfc j #golf87yff ttiist? ( N R XN T ) f - ^ ;F JS « 

v f y 7 * x , h_, ©ft^fe^o ^7h;i/h_j j #@©Si7yfttN R i7 
y t -r t <d ?s <d ^ )v fan % mmr % n R ©ss^^-fto 

[ 0 0 3 3 ] 

N R (D =F j$ y>t± , * © , N R © fi * ft It *y y * ;F X F U - A 6 M L §1 ft ft X s 

n R © ^ 11 ^ ft y y ^ ;f x f y — a * # ffl f s ( x r 7 7220)0 crL^cD^n^ft 
fc y y * ;F x F U - A tt , tc -d 4- - M 2 ft /t y y * ;F x f U - A ^ 51 fll * ft T ^4 ^ 

( -r a ft , T^ffli^^s&swtiiJftsnfefcfis-r*) © t? » ft ar , sfltsnfett-rt? 

feSX F y -itito 

[ 0 0 3 4 ] 40 

X r 7 7° 2 1 2 & ft 2 1 4!ft-^TlKtifftniryy^ii, ^ © % ( N R © § m 

$ ft fc y y * ;f x f v - a © « ft d t ) n r o s h * ft fc y ^ * ;v x f y - a t n y jg « 
ft t x ffi © g fs * ft it y y * ft x f y - a « h 4 f s 0 x f 7 7 2 1 2 & ft 2 1 4 tt , b 

4 2nft^t#Sfl3fifc>'yjF;FX F'J-AlftftTCOiftftTi*)!^!!, L 

t N n 4 * ft 3 ^ f ffi © s fll * ft y y * ft x f y - a & h ft ft, x r 7 7 2 1 8 r ft 2 
2 o^ii^nSo 

[ 0 0 3 5 ] 

sixf-ytMLt, a ft y y # ft x f y - a tt , n r © s fit 7 y f y- ft 5 © n r © 
S« * ft fc y y ft ft x f y - a x h „ ^iTt^lfKXf-^tStft A ft y y ft 

;F X F y — A (i > re ft o X r - ft ft ?> © N R © m. II S ft fc y y ft ft X F V - A h 3 „ # 50 
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xt-^tMts7"nt->y^a, m m <d ~h m x m < „ iixf-^ts<#xt-^t 
fe^ts Su © x t- - y ic ^ t i? £ * ft fc y * ;i/ x h y - a a , li^nfttis^n 

[ 0 0 3 6 ] 

y*;i/Xh'j-itMLtio0Xf-^«, II ffc © x f - y * fs is „ lxr-?ii £ 
f ShftJ'y*;!/^ MJ-AO 1 * L X ( I! © X f - y fit ft It ) 

* ft 5/ y * )]/ X h 'J-AtjgHtST#^«LT, SOXf-^'tStSilJtift 

y y * ;l/ x h y - A £ « ffi T 3 o #iIWtS42tiftJ'y*;l'X h 'J-ili, d © £ 5 10 
t LT<t l^ft^TS^SIt^ ^LTTiiJiSLJ; 0 «fe 11^ S N R * 3 Jft X # 3 0 

[ 0 0 3 7 ] 

a«W&l¥Jfifc§M7n-feS/y$Mc*fLT, k S B © x f - y t *f f * A t> y y # ;V X 
h y - A it s ( M © k - l X r — 5? fc T S £ * ft tc y y $ ;V X 1- y — A 6 © =F p 

_iLk = ilk J^k + n_ S ( 2 ) 

d d T\ _y_ k lt s kSIOXf- v'icjtJtSNi! x l ©AA^7 f & fc> ^ > .y^k = 

[ y i k y 2 k . . . y k N r ] T X h <0 % { y , k } k#I©Xf-7tl3 20 

jLk li^ kSioxf-^'tatS ( N x — k+1) x i ©Sl^nfe^i' 
T % , j^k = [ x k x k + i . . . x NT ] T & D > li, 
{§ 7 y r 7 £ g f§ * ft x y h y - x & o ; 

H_ k It s M I MOft^lWcjft" ? N R X ( N i — k+1) f t^/HSSv h ij 7 

« M t n £ 2 ft fry y * ;v x h y - a t *f -r s k - 1 n & m It £ ft t ^ s % 

ilk = [h_ k h_k + 1 • • • h_N t ] ; M 
nj± . ft An W * * 7 h # 7 y 7 y / <>( X 35 S o 
[ 0 0 3 8 ] 

# he t t s fc 46 1 % s ( 2 ) a , m m * ft fc y y * ;v x h y - a a , s it 7 y f y- © i« s 30 
titans (tftt>^, fs 7 y f y 1 s fli * n fc y y * ;v x h y - a & % lit 

n, fit, i§7 y 1 1 n T ^ 6 m m * n y y * ;v x h y - a * ft t s 4 
?ns) tfist?. s (2) « , «To«fe5t«#]t*n*Briitt««»* : 
1 ] 



L = IMj+s a (3) 



[ 0 0 3 9 ] 

m * n fc y y * ;v x h y - a % f - * * ;v js * ^ ^ h tv h_ k t ft # f s (f Ltissn 
§ ) 0 % fli * n fc y y * ;v x h y - a © =f p © a ^ # a , T^oa^-y-^-siaifcfett 

Sl^7-5F|ti, Tpy-7/ -SffllctftS'r § . h_ k * «L© JS * & lit 5 7 

^ A/ Z X SUt W T % C i: t <fc -3 T it 3 ft § rT 14 & h % 0 SiOifl^iDx*/^- 
%Iit57^;V^li, h_ k RtfTi+J-t-SFIl 1 fci-^TWiRSftfe^^-SKtpfe: 
ffiif §feOffe?„ iIlTx n = 1 , 2, . . . N T - kfcMLT, S_' = span ( 50 
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J_l _J_2 ■ ■ • JjT-k) • H J_n= $ m , n ^ R tS { It, =f & V 7' - Q H S_ ' 

tj£««^T^«itSiESSlp , ei&*o a £ © ft 7? ¥ ^ x * ;l/ * - it , ^St#i5n3 
[» 2 ] 



£[|w H h, | 2 ] = £[| hf h. | 2 ]-£[|S'"h, | 2 ] 

-■^--liftfflliuii? I 1 !, aw 

_ N R -N T +k 



[ 0 0 4 0 ] 

ecu, ^ H iLk B< =P»<D%^V7-QM±<D&&h_ k ("T ft ft 13, 3tI©I») « 

T , * L T 

s_' H iLk b< f#^^-^n±©si]L k (ffcfc-s, =fp^^) ^sto 

[ 0 0 4 1 ] 

S (4) It , iL^Ii(H^i^f7^ftt*flTSffl2n5fcSS1-5 0 

[ 0 0 4 2 ] 

N R e f f ( k ) % f± % JKT<D<fc5fc:a2ft3Rrtgtttf&3: 
[S3 ] 



SNR tf (fc) M P »<*^-+*) , ^( 5 ) 



[ 0 0 4 3 ] 

p t o t it , r - x g {§ t *f l r ? ij m rt m & {§ b ft v h <o , L.mt, n t © 

ft L T fg ffl 2 ft S , ^ L T 
[ 0 0 4 4 ] 

£ T © N R © g {§ £ ft fc 5/ y # ;V X h U - A t ft f S g {§ £ n fc S N R , S N R r x , 

it, wTo«fe5tMS*n*Briitt««»* : 

[ft 4 ] 



(7 



[ 0 0 4 5 ] 

3 ( 5 ) ft ( 6 ) ^Sd Lt, k # i © x r - ft fc fe ^ T i? 4 S ft >> y # ;i/ x h y 
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[a 5 ] 



SNR eff (fc) = 



( N R ~N T +k '] 
N T N R 



SNR 



jCC7) 



[ 0 0 4 6 ] 

s ( 7 ) tg^nftiiMssNRoaa, lSt©Sgfci-3<„ lit, 

y - A t «fc 0 ft ffl £ ffl / ft X & =F j$ tf 4 L * y £ 1fi ffl ft 3 0 12 1c, ly-tflo 10 

s n R^l^tfSIl*7-i';^*V # ffl 2 ft -ft y tfftv x h y - A * # 3 46 1 ffi 
S ( 7 ) tt % Hffl (D ffl ft l? (t4t)?, 1 og|L<lidB|t?4<) ffl ffl 

[ 0 0 4 7 ] 

± te £ ft <£ ? t > gfsnfei'y^^xhy-^B, sfctjfef-ir^HKiRfcgifcf 

3 Rf ji 14 tb D > JtLTSiWAOIffgCitSLtSft^feSNR s * 1 ffl ft S ffl DB 14 
^$5, ffl 5/ > * )V X h y - L, <D m tit * ft fc S N R ffl ffl ft S t ^ T a 5 ft 3 © ? ft 

, (PER) ft ji ffl L * ffl 5. , X'?*' b;V»$«i*l<:t8 20 

feJ6taj?*h«. L L * 6 > ^<ofr©MlMO->XfitjltLt, ii ft © ft v ft 
ffl tt ft * ffl ft ft * ffl ft ft If IS ft, ffl ft «t t ft ^ r ft ft -z? # ft ^ 0 n © i§ ft t a , ft - x 
X h y - A t ft L T JIB ft 14 © s y - h ffl ffl ft m M ft 3 c t ft ft ft f£ T* & 3 o 

[ 0 0 4 8 ] 

^ < O ft © M I M O */ X f A It , ft ft ;l/ ft M If IS ft ffl ft «t t ft ^ T ft ft V 
#ft^fflftt, ft-Xtft H-Of-ft-F (ftft^, ft-Xb-h©-«ftKft) 
N T Oll7yff^g[l3LTif?h5o Siltt5^T, N R <D § fll * ft It i/ y # 

;i/ x h y - a tft a §g w ft ffl ^ s ft s ft n -t y y ft s « ft is ft l t m m * ft § ft m tt # % 

So 3d S ffl ft © X ft - £ ift & X ffl - ft k lc ft \f § ( N T - k + 1 ) © & ffl 2 ft fc y 
liPXF'J-AOSNRs^ftS^n, ftLTllft©SNRftfflft§^ffl2fflfc ft y fflffll/ 30 
XhiJ-itt, ft © X ffl - ft t ft T ffl ft 2 ffl § 0 ffl-Xy-h©-«ftl3ftftfflftSc: 
OllX^-Ali, ft 9 1 *P C 14 tg ft ft x. 3 o 
[ 0 0 4 9 ] 

mm lis ii ft © ft ft ;HK H © fg 18 S ft ft ;l/ ft ft If IS ft ffl ft «t t ft ^ T ffl ffl ffl- # 
ft (,> if ft t , M I MO^XfAtlftTSnJtlft'ltlb^^iSffttLLt^iStlS 

0 ft - X 1/ - h <D ft ^ - ft IB ft ft, & ft * ft fc ft - X X h y - £ t ft L T ffi 
ffl^ftSo ft-Xb-ht±, (1) iDffiOi/ftffl?tlftSNR*||-5|£©gL 
< f± ft « ft fc ft X ^ 7 h ;V ?A * , ft L < It ( 2 ) ffl ft © ft L < f± fg ft S ft fc S ft S ft /c 
S N R t ffl ft S J: D ffl ^ ft X ^ ^ h )V ffl ffl , ffl m tit ffl S /c ffl 1 51 ffl S ft « ffl |ffl[4 ffl $ 3 „ 
fflfflCifflCfflftfflftffliifflfflS/cfflCJIftfflfflXffl-Affl, KTIfflifflSo ffl-X 40 
U - h © ffl ffl - ffl E ffl ffl , - m t ft < © ffl ffl t ft ^ T ffl ffl (D ft - X U - h (D - m ffl IB ffl J; 

[ 0 0 5 0 ] 

ffl ( 7 ) tg^tiftifflc, ffl ffl ffl * ft fe >> y ftffli/ x h y - h <d ffl ffl ffl ffl s n r f± , ffl 
( 7 ) © ffl ffl ffl © H ffl " k " t J: -p T ^ * ft fc <fc 5 t > ffl ft ffl ffl ffl 5 ft fc ffl ffl © X ft - ffl 
EC ft # ffl 3 c lUfilffllW&SNRIi, I! ffl t ffl ffl 2 ft fc i/ y fflffll/ X h y - h t ffl L T 

1 ffl * ft , ffl L T I! fe ffl * ^ ffl ffl ffl ffl S N R f± , I! t ffl ft * ft i/ y fflffll/ x h y - A t 
fflLTiiffl^ftSo 

[ 0 0 5 1 ] 

2^ # * ft fc 14 tg ffl m tit ft § fc ffl £ , ft - X y - h © ft t§ - ft IB ffl a , ffl ffl 5> CD H 5% W ffl 50 
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S N R s #c # L T , I4S7yf ttfe^Tlfjn^f-^X h 'J-itSLTtffl 

snsRjittiB'ass (tab?, sssx^n/Wtf, sa§if /yt ticfjos 
rensRTiitt* 1 **) o s m m t & ^ r , ?s m * n ft r - x x h u - a tt , r - x v - 

[ 0 0 5 2 ] 

/]/ X h y - A a , iOffi^iafiftSNRstliL, ^bti^lt^V^-i/r^l 
§J5tSlt§„ It, X f - i>' k t fc' It § M - •> f ^ I a , ( N R — N t + k ) t 

© H 4 * ft 5/ y * ;v x h y - a © n a ft & s n r s t ^ IP * 4 * s e: t & nf f£ & s 0 
¥ ft! t S £ * ft It i/ y # ;V X h y - A t *f f * 7* - X - h tt > LCi^tLtcn^ 

x h y - a t tt £ x 9 - £ » ( e p ) s&a*fj^-rssL<aMR , r*fei6tas?*n 

5 rI AB tt fc * <> I2fc, «?S§«hft'>y*;vxhy-ij!i', i'lI^iiWftSN 

r s * m t? 1 s rt db tt # & -3 r «, % £d**&x^xmv tf-h-fsfc&fcji 20 

JE 5 ft 3 © 7? ft tt\ «?S§snftj/y*;VX h U - i»tt, x?-fcttLT<kDftll8fl 

tft*Briitt«'»*. 

[ 0 0 5 3 ] 

SXcQX^-Att, (1) Hff S © r - £ - h © E {§ ( g L < tt X ^ X h ;I/ a * ) £ +?- 
SISnfeSNRI<:St5^Xhttl§lJSt2X^^h;l/J!i?©Si*aSt«ftl6l<: 

f&frSftSnTlitttf&So LtisogfiofnftitMt? 1 o © a f* ft * x ^ - a w % 

[ 0 0 5 4 ] 

H 3 tt % m S © r - X 1/ - h © -fe -y h * -y # - h f 3 ft 46 t S % II © § it * ft ft S 30 
NR£$^f3fti6<D7°n-feX3 0 0©Hffl^SI©7n — Ht?fe3o £©7— Xl^— h£> 
-fe -y h tt , k = 1 , 2, . . . N T fcMLT, { r k } tLTi^ll, ^ L T r j ^ r 2 
. . . £ r N T t * 3 «fc 5 1 1« # t tt ^ 5 3 o -fe V Y { r k } (fi © r - X 1/ - h tt % N T 

■S o 

[ 0 0 5 5 ] 

ttCfet, -fe >y h {r k } tp<D&T- $ U- h ( g L < tt x ^ X h ;l/ a §P ) * -y # - h 
tSSfifcfc^tH^nSSNR^, ag^flS ( X r ~y 7 3 1 2) o d ft tt , &m 

6 S N R ft X ^ X b ;V 2$& <D ;V >y X 7 >y 7° r — >*;V*f ffltS c tti ^ TlJSStiS nj 

|g tt ^ 3 o 3t S © X ^ X h ;V %} m t ft L T ig. S * S N R tt , KTOigtl^^T ( M 40 
* tt\ a y \L a - X 5/ 5 a 1/ - 1/ a y * m ffl L T ) ^S^ftSRftgtt^feSo ffi S tt , $ 
-©X-XXhy-Atf, { 1 , N R } #-AX7^7^mX7 (S IMO) ff^;^liL 
T ^ m * ft , * L T # S © B ft © P E R ( ffl * tt\ 1 % P E R ) tMLT?6tS£Jtl 
So f-^-F r k ^ttSf-^XF'J-iltMLt^gftSNRtt, SNR r e q 

( r k ) tLTiMSo NTO^SftSNRsCtyhtt, N T ©r-XXhy-At 
ft L T X t -y 7° 3 1 2 |C ^ T % t> ft 3 o 

[ 0 0 5 6 ] 

•fe -y h { r k } tfJCDN T CDx — XP-htt, @ ft © P E R ^ 51 T 3 Tc 46 t ( M tt\ 
;V >y X 7 >y 7° r — 7* ;V ^ ?> ^ *b Z ft 3 <fc o lc ) S ft M lc ^ T S * S ft fc N T © S N R s 

t m m tt tt e. ft 3 „ dft?>©N T ©f-^p-m, s (7) t^snftiH, sms 50 
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Mfcfe^TM^ftSnrtBtt^&SNT (D m % W % S N R s t fe 18 1 ft 5 ft S „ N T 
©i^gS: S N R s tf^fSf gIiS56 S N R£$»3iL< i±KTffe?Ot$tia\ -tv 
h { r k } tOf-n-M^ ^#-h£ft3^*T-&3£:?!J§r£ft3c IfWfc, N 
T ©Ug^SNRsii, 7*-*l/-hfcWLT7nyhSft«nrilBtttffc!K » 1 <D » t 
i^T-HtetfnS. f LT> N T ©iaW%S NR s r-^lz-McMlt/D 
-y h 5 ft 3 rT fg 14 ft & o % L T SI 2 © H t J: ? T - «| t |g tf ft S 0 SI 1 © HE © H © §P ft 
fe SI 2 © H © ± ft t * ^ © V <fe ft ft, t'ft { r k } tp<Df— hit, ZtD&s V $ 

[ 0 0 5 7 ] 10 

* S N R t©S©iJ:btl^*tl5nIitt^$5, f * ft ^ > margin (k) = S 
N R e f f (r k )-SNR req (r k ) TJ§„ #f-ft- M^ft§ v-i/*ytf 

ft d jm ± -e ft ti\ t'ft { r k } (fi © r - x u - h fe , ^-^-hsns^ir^a&sfcffi 

[ 0 0 5 8 ] 

f-nh'j-Ai«nt«iM4SNRa, SisnftSNRicfttL, ^lts ( 

7 ) IC^jnftiH, fl^tlfcSNRi^lffi^nS^Jltti^S, t'ft { r k } 
ff> <D N T O7*-^l/-h*^*-ht«ft!&li:iS4i^<0$**nftSNRH;, ft * < 
fcUOr-ft-l-fft}gSSNRlL|L<45 ( f * ft -5 > «DV-J?J/1?$5) ft 20 
iW&SNRt|gSJ:LT6SSi2nftSNRT-fe«o *7 h { r k } tttStlftS 
ftfiftf-^lz-UcftSLT, ( ft n © ) l/^Y-i^ytt, ft -y h tfi © K © N T © 
b - Mcft LTM^ftSfttgftft&So 
[ 0 0 5 9 ] 

SlOiDIttMLT, II ft © v - ft y f± , litSi^tifcf-^XF'J-it ± 
•^TM^ftSMfiSTSo ?LT, -J y t y X l£ 1$( A {ft N T fc £ S 2 ft * ( f fc fc 
^ A = N T ) (Xf77"3 1 4) , A#gOS4?ft/cf-^X h 'J-AtitSlfl 

WftSNRtt, •?• o ft , ^©tjsas NRtf Kig^n? ( -r * t> % , s n r e f f 

(A) = SNR r e q (A) ) (Xf7 7"3 1 6) 0 Sf^nftSNRS, St, S (7 
) ft {£ ffl L T , liiOBt?tlftf-«hfti,tSt§SNR e f f (A) (DM® 30 
W4S NRtl-J^taS^tlS (Xf77'3 1 8) „ A=N T ©i|fttSll©S?05iL 
tjjbt, 9. m * ft fc S N R f± % k = N T t LT3 ( 7 ) *ffiMLT«S*n*BriBtt«' 

SNR r x = N T • SNR e f f (N T ) S ( 8 ) 

ft 31 D © ft - X X h U - A <D m %} W * S N R f± % ^ © % X f -7 7° 3 1 8 fc ft ^ T If £ * 

nft§unftSNRStfk=i, 2, . . . Nt-iIlSlt, s (7) ittfflt*: 

fcfcSrSVTRjeSftS (Xf77"3 2 0 ) „ N T ©iifSSSNR©t7ha, N T © 
ft - X X h U - Zftc ft L T X r -y 7 3 2 Otfttfftti«, 
[ 0 0 6 0 ] 

•fe-yh {r k } ^©ftft-Xb-McftLTftg%SNRift <D , f — # P — h £ 40 
BtSllfWftSNRtJifLTttRSn* ( X r -y 7 3 2 2 ) „ ^ -y h {r k } ^©ft- 
X b - hftft X f -y 7° 3 1 8lft50TftSJtlfcSf^nfeSNR!ft9Tt*-hJtl 

3 3 ft © & J£ *ft *t4«n* ( x f -y 7 3 2 4 ) 0 It, N T © ft - X y - h © * ft 
fntMLt^S* S N R ft, ^Of-^lz-htltSIMSS N R J; ^SL 
< l±m L^(DV& fill, tft { r k } ffi © ft - X I- - h ii % gfl^n/iSNRtiot 
f*-h?n5<#1?fe?J:Wi^n, tfi^cftlS (Xfy/3 2 6 ) o * 

ft ft ft tft N T Of-^I/-K0^fti*10?fe, f-^b-HcltSIiWSSN 
R ft g yt £ © <g fUft tft {r k } ^©ft-Xb-Mft SiJtife S N R t J; -3 T 
U-*-h?hS^*?!S:^i:Wlf2n«, d © ±1 ft fft Silti, «ftft§ (fftb? 
, A = A-ft l2©I i 5lL£SLTA=N T -l) ( X r ~y 7 3 2 8 ) 0 50 
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7 d -t x n , f ©txf 7 7°3 i 6tg9T, S © v - y 2 S i ts> p> m '& ft n £ 2 

nftf-^XbiJ-Ali:»tTl)8«nfti:t*««0T?s t'yf {r k } fp <D f - X 
U-hfcHfSHa&WfcS NR s CD -fe -y ^ft^tS, ^gt)S C T t t S ft < Oi 
0 3M L ft, X r 7 7° 3 2 6 fc ft ^ T #J ft g ft 5 ft S S T? H ffi £ ft S ft Hi 14 S 0 f& #J 
©S^tSSJ: ItftSSSfcMLTXf 'y^3 1 8 fc ft t> T R ft 2 ft ft S fit £ ft fc S N 
R tyF { r k } fp <D 7 s - X Is - h Z ft # - h f Z> tc Hb ft &g & ft /Jn CD « « 

£:}afcSNRT-&3c 
[ 0 0 6 1 ] 

B3t/p2tlft7"ni!Xti, ISOf-n-l-())t7 h^ig©SfSnf;S NRt 

«t -3 r -i+ # - h s n s ft s ft * $ >ft ft s ft » t fe ffi ffl * ft s ft db 14 ft as s 0 e: © s « s ft 10 

ftSNRtt, t^V-T^y^SNR, S N R 0 p , fcftjSfSnTtBtt^&So SNR 0 
p f± , SiItt5lt?¥SgL< (if ffl^n/: ( L ft L ft 19 W T? S S f± * ^ ) S ft * 
ft ft S N R T? 35 S ft f£ 14 ft 35 S o t^V-f-fy^SNRti, S IS S £ if % ft ffl t S ft 
^T$S2ftSftfift[4ft35 0 , 3MM£MJBi$£4AS>nSRr&Etttf&S, fcsva^ * 

* Rf j£ 14 * s » 3 c ^ftKOl^ft, S ft * ft ft S N R f± % M I M O 7 X f A t ft L T ft 

i^§gL< tt » s * n * , 

[ 0 0 6 2 ] 

|3*#1LT, jf? S © r - X 7 - h © ft -y V ft ffi S CD § 1S * ft ft S N R ft «fe T If >^ 
-h*ftS^S*^^^-rSfci6£> gf-^-htMLT^gftS NRff, W *6 t R 20 
S^ftSnTfiift^feS ( X r 7 7° 3 1 2 ) o N T OifJgftSNRiD'fey m, N T © r - 
X X h V - A t ft L T X f 7 7° 3 1 2tfe^Tl5nS. S ft * ft fc S N R f V t # A 
X r 7 7° 3 1 4 , 3 16, & 3 1 8 li , X y 7° S ft S nj IB 14 ^ h Z> 
o #r-XXh'J-A©HtfW^SNRt±, fiHgOSfSrifc S N Rti7'^tfttf k = 
1, 2, . . . N T IlSITS (7) *ffiffllT^g?n5 ( X x 7 7° 3 2 0 ) o N T CD 
Ha&W&SNRO-fey h f± , N T CD r - X X h U - A t ft L T X f 7 7° 3 2 0 t ^ T ff 
51i5o 
[ 0 0 6 3 ] 

-fe-yh 1r k } (fiO^T— ^U-McftLT&g&SNRJi, ^©1^, * CD r - X U - 
htH-rSHa&WaSNRtWLTJtKSn* ( X r 7 7° 3 2 2 ) 0 tyF {r k } ^cd 30 
r - X 1/ - h if S 1S * ft It S NRfci-jT^^-hSnSfrS^ORgtf, * t ft * *x * 
o N T cDr — $ hdf tlf nt^Lti^Sft S N R^, f©f-^l/- htHtSU 
iW & S N R J; i} /K^iL < (if L^(Dt$1ilf, -fe 7 h { r k } tfJ © r - X U - h li 

7 7° 3 2 6 ) o ft ^ ft Si > N T Of-^U-l-Olft'tlAM^I^ftt^SSSNRff 

, r — Xl^ — McMtSHaWft S N R%i^.§©ffen{^ -fe 7 h 1r k } tfj cd r — X 

[ 0 0 6 4 ] 

TO fit fc: T 3 J& lc , 2 oioli/yrf (tftfc^, N T = 2) Stf 4 ooSf/yf 
ft (t*t»^, N R = 4) {2, 4} M I M O *y X r A fC ft f 3 — M 2>ft J7Tt 40 

TO * ft , l ^ ;V y S D ft # 3 e 7 h ( b p s / H z ) CD £ f* X ^ 7 h ft a * * ft # - h 
t*ft»KI!9^StiS, COitSLT, ft- X h cd 2 4r -y h *ft f?fffi^ftS 0 SI 1 
O-feyhft, 1 b s p/HzStf 2 b p s/Hzfcji})St5f-^l/-F*t», ftLT 
Sl2CD4r-y h {± % 4/3 b p s/Hzftft5/3 b p s/HztftjSftSft-Xb-hft 
iS ft o # U - h 4r -y h cd 14 fig f± , ( M * « > H 3 t ft * ft fc 7 D -fe X t S ft ^ T ) m m * 
ft, ^LTSt,ftc{tl££ft3o 
[ 0 0 6 5 ] 

8 4ft, lbps/Hz, 4/3bps/Hz, 5/3bps/Hz, ft ft 2bps/ 
HzCDX^7hft?i)*tft/§ {1, 4} MIM0'>XfAtIt«PERMSNR©7* 
n-yhftftfto C ft 5 cd 7° a -y h fi , c cd ^ I? TftD 5 ft T V^S <fc d , nyfi-fty; 50 
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f A f± , -itffg©@W(DP E Rtt3^tlfft§J;5i^^n?„ C © *§ # \C , # X 

7 7 h;l/a$tc^LtgW©P E R^aJiRfSfei&fc&gftS NRtfRg«n, L T ;!/ 

-y 7 7 -y 7° f - 7 ;!/ 1 IB « * ft S rT OB 14 * „ Mxil IfiOP E Rtf 1 

«7 - 2. OdB, 0. 4dB, 3. ldB, ft 3 . 2dB©Itf, fftf ftl , 4/ 

3 , 5 / 3 , ft t>* 2 b p s / H z © X 7 7 h ;!/ % * t *f L T )]/ v 7 7 -y 7 7 - 7 ;V t IB 'i 

[ 0 0 6 6 ] 

It5f - ^Xh'J- AlRIf2tjltLt^g*SNRs(i, I 4 O^o 7 1- 4 1 2 Sff 10 

4 1 8*ffiffiLT«j£SftSBriitttffc»> ( H 3 © X 7 -y 7° 3 1 2) % KT©I5 

SNR req ( 1 ) = - 2 . OdB, 1 bps/Hz©X^n;l/a$§lt 
Sf-^Xh'J-ilfcMLT, ft 

SNR req (2) = 3. 2 d B , 2 b p s / H z OX^? h;H»f *tT 

5 r - 7 X h U - A 2 t ft L T o 
[ 0 0 6 7 ] 

7'-7XhU-72©ftaW%SNR (CtlBllt, ?LTf~XX h 'J-A 1 ^5© 
T#tfaiWtffl|?nfctl7fi£©TT'S4 2nS) ^©fJ7 ?©«gftSNR 
£ tx J£ * ft ( X 7 -y 7° 3 1 6 ) , J7 T (D M <0 7 h Z : 20 
SNR eff (2)=SNR req (2) = 3. 2dB 0 
[ 0 0 6 8 ] 

si^nftsNRs, * © , s ( 8 ) ti^^t^g^n, J7 t © a d 7 as s : 

SNR rx =2-SNR req (2), Ilf St LT, SKS 

SNR rx =SNR req (2)73. 0dB = 6. 2dB, 

n 7 # ffi £ *f L 7 o 

[ 0 0 6 9 ] 

#SD©7-7XhU-A ( f * fc> % , 7 - 7 X h U - 7 1 ) OliWSSNRti, S 
( 7 ) tl^^T^fc^SSn ( X 7 -y 7° 3 2 0 ) % J7 T © B D 7 h 3 : 

SNR eff (1) = 3/ 8- SNR tI , tllffitMLT, f L<« 30 
SNR e ff (l)=SNR rx -4. 3 d B = 1 . 9dB, 

[ 0 0 7 0 ] 

mi ©7-h-fe-y h^7)#7-77-hicM7S^?i)W^ftt;^S^S NR17 gl © 
W2Stf3t#*6n«, # 7* - 7 7 - h ic ft T Z> v - 7 7 fc , $ 2 tu ilCltC 
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[ 0 0 7 1 ] 

f-n h 'J - A 1 R&" 2 tMbT!t5S4 S N R tt, ^ © , cnfiOf-^XHI- 
AtitS||aW4SNR st^LTttf (XT 7-/ 3 2 2 ) „ SNR req (2 

) = S N R e f f (2) RTJ S N R r e q <SNR e f f (1) <g £ © T\ T — # P - 
h- CD Z. CD -fe y 1- it , 6. 2 d B©1^©§§ ^nftSNRti^T^* - hStl§„ 20 
[ 0 0 7 2 ] 

©b-h-fe-y h ^ 6 . 2 d B © g {§ 2 ft /c S N R t i o Tt# - F ^tltl/^^©T*$tl 
tf ( m (f , f-^Xhy-AltSLT^S4SNRff, 1 . 9dB<£t>**<&3J; 

9 t ^ ft f 3 © ? & n tf ) % fed ioofiitfii?ii5(ife$^ ^ntioTgi 

SnftSNRB, SNR r e q (1) tltJ^T^g^n, ^ L T 6 . 2 dBi^?( 
[ 0 0 7 3 ] 

|2©^-ht7htSLT, ^ ft * ft , 4/3Sff5/3 b p s /H z OX^^ 30 
M^|t«f-?Xiy-AlStf2l(:MLT*}S4SNRa, H 4 © 7° n -y h 4 1 4 
R ?>* 4 1 6*ffiffiLTjfc££ft3qrtgtttf&!K HT^Iyf^S : 

SNR req ( 1 ) = 0 . 4 d B , 4/3bps/HzOX^nil'a$*tt 
Sf-^Xb'J-ilfcMLT, ft 

SNR req (2) = 3. 1 dB, 5/3bps/Hz©X^^MVa¥*fr 

[ 0 0 7 4 ] 

SnftSNRB, * © , S ( 8 ) tl^^TftScftl, HT©Ivf$5 : 

SNR rx =SNR req (2) + 3. 0dB = 6. 1 d B, D^'IfitMLTo 40 
[ 0 0 7 5 ] 

U- h ( f & ft -5 > f-n-H) OH»WaSNRB, S (7) fc 

SNR eff (l)=SNR rx -4. 3 d B = 1 . 8 d B, n^f fitf LT 0 
[ 0 0 7 6 ] 

S20^-ll?7 h*0£7*-*^-hfcWfSH2&WfcRtf&g&SNR s ti , Si 

[ 0 0 7 7 ] 

f-^7h'J-Alftff2 0iafi4SNRsa, ^ CD & , f fl^CfJSS S N R s t 
»LTttt?n« 0 ntf, SNR r e q (2) = S N R e f f (2) S(f'SNR r e q ( 50 
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1 ) < S N R e f f ( 1 ) T* S © T? x t©7*— h©-fevM±x 6. 1 d B©l/> 
© & ffi * ft fe S NRfci-sT**— h*n* 0 
[ 0 0 7 8 ] 

iBClStt, " » © " M U t/3 * ft 3 M Rfc X ^ - A £ ft L T 0 , £ ft t «fe -3 T 1 o 
©T-^XhU-A*ft III/yftA^If^n, f LT> SiitfeOT, IOC 
r-nh'J- A *ft 1 o©iii7yf t^5©X h 'J- i^^Dti'y^tSLtfcj; 
■3 T , lIS5STiIiS«i©#Xf-> J tfe^tSSSn§„ H 4 © 7° D -y h R XS )]/ 
y 7 7 v ft r - f ;m ^ eioSfltx* — At#LT*tH*n*o 

[ 0 0 7 9 ] 

c c t k uu £ ft s wj it ^ "ftnm<D" mm&iK^wwmx^-kicttLx %>mmzft 10 
» rT j£ it ft & X) s Ltiia^T^f-nMj-it^ m m © ( w * ar > ft r © n t © ) 
m m r y t -r ( r r/ & s < , tsoMtsfytfcf^r) 6 as « * n s , g « * t 

fc^TttfHSftSBTiitttffcD, * L T ft- r - X x h y - A f± % ISOXr-v'iii^lttl 

* ft fc i/ y # ;V 6 H 4 * ft § rT m 14 ft ft 3 0 *f ft *S X ^ - A t *f L T , ffi © 1 o © 7° D 
-y V © -fe y h Jk XS m © 1 o © ;V y 7 7 -y 7 f - 7 ;V £ tti * ft L T 11 ffl * ft $ rT f£ 14 ft 
h % o C C t ft SJ3 L It S « 14 > ffi©JH#*OtfSX*-AfcttLTfc«ffi*ft*(iriitt«< 

fltLiit^ Mfft©tSHft-<?<JSSo 
[ 0 0 8 0 ] 

± ih © m t m l r % $©Lt*^^nSo *f ft ss © 5i in w ft ft i$ m fifc x * - A t *f L T 20 

, T~* !>- h <D-I4lf***- h ft S ft J6 t Mftl/jMDSfl Sftfc S N R (fa 
2-3iDf-nMJ-AO?n?'tilL-3^n. 5 b p s/Hzox^n^ai 

) a, S2©i/-n?7 nftftTfjsat© ( f a t> ft , 4/3Sd5/3©x^n 

J; D ft 0 . 6dB|l\ d©fijf#«, ftXr Atgff £rt> H < ffiSifcf S d t ft < 
Jijft^ftSo 

[ 0 0 8 1 ] 

m m © ft f* © x ^ 7 h/i/iftstsiwop e r * ji ^ f s ^ *6 tc *es s a § ft © § ft 

ShftSNR*iiit5ft:J&t, lit#4?n?cf-^XFiJ-ia, JK to t ft 4 2 ft 
fcf-n h U - A © ^ f ft t » b T X 9 - ^ ft fit L a ^ %. ft t S M L a ^ , II fe ft * 

^ rt ifts © s x 7 h tv m m v fj <o m r e. ft 3 rt tg 14 ^ & 0 « m tc s ^ * ft it 7* - ^ 30 

X h y - A © X ^ 7 h ;V 3% * *ftjS ft f S © ft fi\ lgL < tt ft J7 ± © J7 M t ft 4 S 
ft /eft - XX h y — A © X ^ 7 h;l/3ft*t±, ftS©ftf*©X^7 b ZTctb 

t * ft t ts u r it An 2 * s & s ft %> % o iitsi^tifef-n h y-AtwrsfHia 

LfcX^7 h «ftftft4SNRstgJ|tLtft5lifftJ«, fjfitjl 

42ftfcf-« h y — A © t/^ f ft ft 1 © X ^ 7 h ;V 3% * ^ S < * 0 f ft S © <g ft «\ 

* /Jn © ^ n * ft S N R {± , LOf-nh'J-AlftftT^SaSNRia^TiJg? 
ft, ^LTlttSf Stifcf-^Xf'J-iia^r^li*^ ( C ft , r - ^ !> - h 

© - a a e ft t « f s ji ft i? s s ) o 

[ 0 0 8 2 ] 

± IB © T* It s W, 2 © 1/ - h -fe -y h f± % it)/hS*f«?tlftSNRt^gJ:t5. * 40 

oiitt, -<? ft 53 * ft it ft - 7 x h y - a 2 # % I! w t n ^ * ft fc ft - 7 x h y - a i 

£ ^ f ? x 7 - ^ (e 1 L S =1 ft £ I M L ft i/\ £ D ft « ft X^ 7 h;Vj»f*I5ST6 
n * 6 ? » * , |10I/-htyHtSLT, ft-7Xhy-AltfJDftTP)ft/cX 
^n;l/»$tt, ft D t S * B <0 , f dial, x 7 - ^ ft fit L ft ^ i: ffi S f 3 - ft 
, ft - 7 x h y - A 2 t fj D ft T 5 ft s < # % *DS^X^^h;VS&**»Wr*zii:t 
^Tsftftfl^StS. irbiiilLT, Sl2©b-h^-yht±, (Si Olz-HsyF 
fcJt«LT««tttfffiV>#) x ^ - ^ ft fit L ft ^ C t % * ft f« I* f S ft - 7 X h y - A 1 
^J;DiliftWftX^7h;V?iJ*^fJDftTSo ailft?h/c±ft7 SlOU-Hr^ 
McftftSr — ^Xhy— Ai©v — -^ya, 3. 9dBTfeft -ft, |!2©b-h-fe 
-y h t ^ -T § ft - 7 X h y - A 1 © V - z? y It , 1 . 4dBT*J5„ 50 
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[ 0 0 8 3 ] 

c l. \z m m s n tc s * f± s is©sf ?tifc s n r (cnaMiMOv-xfitst? 
ft ^ y - 7- ^ y x* s n R*e**nrftitt««36*) tsra^ftox^^ h;va**i*K:t 

S r - X Is - h © -fe v V ft m S T 3 fc a6 t fe ffi ffl * ft 3 ft f£ 14 ft S 0 d © if £ t f± s H 
aWSSNRs«i!7l-ft, igOSiSnftSNRtltJ^Tf LTS (7) ft 1S ffl L 

r n T fiD7*-^xn;-AK:WbTtt»fc:»S*n*Briitt«'**o -fe y h (f © # ft $ ft 

% S NRtSlTs |W(DP E RtStKOiiWas NRfci^Tt*- F- £ ft £ Rl 
M f s H % ft * S N R © fit * IB m T s ffl © i -3 © ;v f ? 7 v 7° f - 7 )]/ ft m ffl ft s c t 

.t^Tajasnsnriittjva&So n t © x ^ 7 f ;f a * © -t -y f tft n t ©ifw&s n 10 

R s 7> -fe -y htMLtl^nSo N T 7> X ^ 7 Ml/ htSBTSf-^ 1^ 

- F © -fe -y F ift © jfc J£ S *x , f LTN T Of-^^MJ-itSLTffifflSnSRl 
Ittid^S, CfOlz-HryMl, ilfS©Si«nftSNRIi:j!ft8i#OX^{'b;l/jft 

* * * * t -r s , 

[ 0 0 8 4 ] 

± IE © TO T 5 1± , f-^XHJ-iOiai&SNRsti, Sf^tlfcSNRtl-j'^ 
T^LTft (7) ftUffl LT?^S2ftS 0 cl©iUft HWSMIMOi/XfitSLT 

- u w t ( * bp jb v t± ) Kif'^s, ± te l fc * 5 * > mtv&mtt^ts* s (7 

■3 fe 3 g L < ;V 7 X 7 7 7° r - 7* ;V > S * •=> fc * ^ 1/ - r -f 7 7 * ft R / g L < f± 20 
H % -d Tc § m m 7° n -tr 7 y 7 R « t ft ft 3 ft - X X F U - A © ft a ft * S N R s * R S ft 

*fei&tfeffiM*n*Briitt««»So Liit^ * ?e to © is a ft -z? as s 0 

[ 0 0 8 5 ] 

Ultt^ftftK, f-^U-t-C^Sfi, M I M O 1/ X f A t H L T S f* ft t K ft * 
ft 3 o d ft 5 © S « t± , ffi © ^ ft ft * 7ft il ft 7 X 7 A t ft L T fe ffi ffl * ft S ft ffi tt ^ 

■S o 

[ 0 0 8 6 ] 

7 ^ F/ftFM I MO^XrA!^ M S ISc 51 K ft 7 x - r ^ y ^ * g Kt f S rT fii 14 

So d ft f± , 5/ X r A ^ y K <g *j /c <0 m * S * © « S t J; -d T # ® 1t if & ft 3 , M jfi 

IK ft 7 x - 5* y 9 it , 0^-i/y*;fti (i s i) ^^itgcto c ft li , ^ft 30 
t J; -3 r S IS * ft IS # ft © # 5/ y * ;V *ft Sfll*nfefll#tf»<Dfil«<D^y*;V'\<DSi: 
LtfFiiit?ii-es.?„ nose, »flt*nfe^y*;v*iEL<*tH , r*iiAt»** 

[ 0 0 8 7 ] 

ofdmi^ i s i*jKji , r*feJi>tRtf/gL<ttffi<Da*<DfeJi>tffiM*n*Rriii 

14 ^ 3d 3 o 35SOFDM->Xf AS, <D is X r A > K fi ^ 1* ISC ( N F ) © M iR W V 
7 ft * * ;V t ?A m ft t K ^ f S o M Si ^ 7* ft ■¥ * ;V f± , -f7/ftFgL<l±a W. R tT 7 

tg 14 ^ 35 3 ft ^ ft <D V 7* * * U 7 t R 31 ft it 6 ft 3 „ 0 F DM->Xf AOMtlf 7f 

;l/ ) Cft#Lt> M « 1! K ft 7 x - r ^ 7 ^ fe S M f S rT DB 14 ^ s „ o F D M * ffi ffl 
LT, HSRli»7x-7*-f V^fciBHtS I S Hi, L©Hift-a5nS^l7 # 

[ 0 0 8 8 ] 

OFDM^fiJfflt§MIMO->Xf A ( f * ft ^ > M I MO-O F DMyXf i) £S 
LT, N F ©a$SH7ft*;Hi, f-^IItSt§N s © S S ft ^ 7 f- * 7- ;V © * 
ft ^ ft t ft ^ T ipj ffl rT |g 3 o # S S ft ft 7* ^ 7 )V <D # M IS S ft 7 * 7 ;V f± , IS II 
ft7 7fti;LT**^ftSft|g14ftfeD, HTN f -N s ^}M1Sft77ftt±, N T ©}M 
i7yfti:N R OSiT^f tfcOHOf-^SfltSl/TSIfflnri-i?*?. ftMl^ft 50 
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ftf-^b-hSKi, MIMO->XfitMLtiILfct©tHlli:, N T (DM it 7 
[ 0 0 8 9 ] 

g g a 7 x f A 

1 o <Dmmmffltt<Dnm&Wi"e*%o ^(ommmmx^i, bij^odt-* fro* 3-f 

9J 7 © n - f 7 y ft R S II ) o S#S54f-^l'-FRtf#Si7yftt*fLTlffl 
Sns<f n-f-f y^StflMX^-Aii^ 3 y h n - 7 l 3 Oic j:-3T4i5nfeB 

« rT *B tt » * o 

[ 0 0 9 0 ] 

& {§ «t a - -y F 5 o o ft , ( l ) «W'>y*;V*««& , r*fei6tJW>«r<D3-7*-fy^R 

T X f - ^ 7° n -fe 7 ^ 1 1 4a, R ft ( 2 ) O F D M ft S ffl 2 ft £ © T 5 35 ft ti\ g {§ 5/ 7 

# ;l/ ft ffi |g ft S ft » t S II i- 7 7 ft ft ft * £ t © 3 ft 3 ft f£ 14 ft S T X M I M O 7° D -fe 20 

-y ft 1 2 0 a ft ft ft 0 T X ft - 7 7° n -fe -y ft 1 1 4 a R ft T X MIM07Dt'^l 2 

0 a BlOfnfnOTXf-^^n-feytl 1 4MTX MIM07"Dt7f 1 

2 0 © 1 Ilff^ltSS. 
[ 0 0 9 1 ] 

0 5 t ^ * n fc H ft W 4 HI I i f (± , T X r - £ 7 D -fe -y ft 1 1 4 aii, r v ;F ft f 
1/H5 1 0, N T 1 2 aA^5 1 2 t, N T Of t*;H^^-'J-^ 

5 1 4 a ft 5 1 4 t, R ft N T © y y ft ;F v y \£ 7 ft X ]y ^ y F 5 1 6 a*^5 1 6 t 
(Tfcfc-^ #Sfl7>rf tSLT, x y 3 - 7ft ft * * ;F ft y £ - V — ^ , RZfi/y 
ft /F v -y M y ft x y 7 y f © l 4r -y F ) ft ft ft 0 f ?;Pf 7>^t 5 l Oii, T'-^Mit 
tjt!tLTffflStl§^f N T ©If 7>f f tSTSN T Of-nMJ-AtF77-f 30 
7 7 f - 7 (tftb?, ft IB tf 7 F ) * f v ;F ft 7 y y 7 X ft S 0 N T © f - 7 X F U - 

a « , iz-nnnti^TRgsnftiH, a * * f - 7 7 - f -z? m m ft w- e> n s ft db 
tttfis, if-ni-y-Aii, ft ft ft ft cd x y 3 - 7 5 i 2t#^^n? 0 

[ 0 0 9 2 ] 

ft x y n - 7 5 l 2li, * (D f - 7 X F V - A t ft l T 51 J? * ft ft S f* » * 3 - f -i 7 
ftXft-AtaftyTftftftftcDft^XFU-iAftSfHL, ?LT3-HftlT, 3 - 
F {fc £ ti ft Ifty F £ « f 3 0 3 - ftV 7 7ftft f - 7 I f§ © fH Si 14 * it An ft « , 3 - f 

w y 7 x * - a f± % m ffl » * % * 14 ft x y 7 ( c r c ) 3 - fV y 7\ 3 y 3p )V - y a i- 

;l/ 3 - r ^ 7 7\ 7 - ^ 3 - f y 7\ 7 n -y 7 3 - f y 7\ & 0= * © ffl © ffi * © II * 
^fc-fcfc'&tyBriitttffcSo # x y 3 - 7 5 1 2fr6<D3-PftSnftlfy Mi, * CD 40 

, * ft * ft cd f- 7 7- ;v ^ y 7 - u - * 5 i 4 1 « |& * n * , ft 7 ft ;v 7 y 7 - y - ^ 5 i 
4 & , B t? © 7 y 7 - y - e y 7 x ft - a t a ft ^ x 3 - f ft « ft fc e 7 h ft 7 y 7 - u 
- 7 ft s o 7 y 7 - y - e y 77± , 3 - f it * ft fc e 7 h t ft l t b? ibi ft 7 a - y 7 -y ft 
ft * > ft - 7 x f y - a t ft l r ft ffl * ft fe i is ft ^ ft ft t ft ft s ft ^ s n r t a ft 7 r 

1 IS fe ft 3 < t ft - 7 ft |g ft , 7 x - r 7 7 7 ft ft IS L % ft L T ft £ II 7 7 ft ft ft ff> ^ ft 
[ 0 0 9 3 ] 

ft ft 7 ft ft 7 7 7 - 'J - A 5 1 4 ft 5 CD 3 - F it S ft ft ft L T 7 7 7 - V - ft S ft e 

7Hi> ft ft ft ft cd y y ft ft v -y t° y 7 x y 7 y F 5 1 6 t ft ^ e> ft s „ y y ft ft v -y tf 

y f^ls yty Y 5 1 6 fi , m. II 7 7 ft ft ft ^ ft § fc ft £ C ft 5 CD e -y h ft V -y ft ft § o 50 
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§->y^;i/Y7H°y^ib^y h 5 1 6 t iottff ^ns^tif ©iix^-Aa, 
3 y y p - 5 i 3 oia^T^i^nfciiffliia^g^nSo #->>#yw>yt!> 
^ip^y h 5 i 6ii, 7 y - ^ ft ft y y y # ft * #c ft % fc tb fc q s oa-Hftth, 

f LT^y^-'J-72tifct*7 F <D -fe-y F £ 7* ;l/ - 7° f t L , fLtlKS ft fc ^ IJI X ft 
-A ( M yt ft, Q P S K , M - P S K , M-QAM, ftL<t±3SSfficD^IIXft-x) fc 

7° 5 ft fc M # © ft tt s M j - 7 lx 7 © £ II 5/ y # ft fc ft ft f S o C l f\ M j f± j $ @ CD 

Si/yrt tst-gi^jn?c@f ©iix^-At^tSL, m j = 2 q J n %> % 0 n 

T cd y y ft ft V -y tf y 9 x y 7 y y 5 1 6 a 6 5 1 6 ttt, CD , llv-yjK/KDN 
T OX h iJ-A^4i?o 10 
[ 0 0 9 4 ] 

0 5 fc ^ $ ft fc M ft W ft ft M B Wl T? {± , T X MIM07°nt7?l 2 0 ati, N T CD 
OFDMt?al/-^t{f, #t'7aP-?!i, i7-'JxlS (I FFT) X x -y F 
5 2 2ftftHfflWftftD7^"y7Xftj7l#§5 2 4 ft ft ■& 0 #1 F FT 5 2 2 tt , ft ft ft § 

5/ y ft ft v -y tf y 9 x y 7 y F 5 1 6 fr> S ft ft ft ft <d £ II y y # ft x F u - x ft § ft f S 

0 # I F F T 5 2 2 a, N F <D ^ II y y ft ft ft ft ft - 7 ft L T , ft ft f s £ li y y # ft ^ 
9 hfrttBtiZL, ?LTIII7- 'JH!l*«IiT#i II yyftft^7 FftftBfP^ - 

F 7 ft y g IE ( C ft tt > O F DM^y^Dl/fcLtlflfla?) tllt^o IFFT5 2 2 
a > ft m (D S CD M M -9- 7 9 7 7- ft ( M * ft , 8 , 16, 32, . . . , N F , . . . ) 
tOVTjSSSSI^IIfllfSfefefC^tf^ftSRrtgtt^feSo #OFDM7y*;Hcjf}LT 20 
, MIW47°y 7^7 ^X4)^Ib 5 2 4 fi , O F D M J/>#;KO»»*I5 glT, ft ft 
t5IiJ/^j|5;I/§f)gt5 0 M ffl W ft 7° U 7 ^ 7 X X tt , IS ft y y * ft ft v ft f - /< X 1 
M ffi ft CD ft ft fc y T fc 9 CD * ft # 14 * It ft L , ffllc^T, atllfil7i-f^ 
yftfc J; Tft Cfcft 7 ft ftftitcD <fc o ftftftftSMftfcft LTMft2£ffft S d ilft 
BS ft fc ft S 0 MfflWft7°U7^-y7Xftj7Jc#g5 2 4 a, 9 CD 1ft W)ift£}sf§«12 2'\ 
Iii/y*;I/0XF'J-i44jl5, O F D M ft » ffl * ft ft ft lift T X M I M O 7° D 
•fe 7 •»?■ 1 2 0 a f± % # y y >x ;i/ v -y t° y ft x y 7 y F 5 1 6 ^ 5 II Lfrif i 1 2 2 -\ 

m m y y ftftF x f u - a ft # fc ft yt s 0 

[ 0 0 9 5 ] 

#1(111 2 2ti, ( O F D M ft ffi ffl L ft y M I M O fc ft L T ) 9 ft 9 ft CD S II y y ft 30 
ft X F U - A ft ft L < tt ( O F D M ft M ft S M I M O fc ft L T ) ft ft X F U — 

A^f fILTMLft ^II^ft/cftftftftjTJcftSo £ ft li , ft CD ^ , illLft/yft 

1 2 4 iii^Sf *n«o 

[ 0 0 9 6 ] 

^ is s x x -y f fc m ft s fa cd is if «> , n ft « ft s ft m& ft » d , *»wo«Hrt , tf»* 

0 

[ 0 0 9 7 ] 

O F D M ft ffi ft L fc ft ft ffi ft L ft y M I M O >> X r X fc ft ft 3 3 - ftV y ft ft ft g II f± 
, ftftcDftBWftffilifc * 5 icWMlcMWZftZ* 

[ 0 0 9 8 ] 

ftBWftffiKSftSlO 9/9 9 3, 0 8 7ft, ftft "ftft77^Xftftftft 
ftftffift (mimo) a fS y X r X " , 200 lftl lM6HSffi; 

ft a w ft ft p m ft si 0 9 y 8 5 4 , 2 3 5ft, ft $ - ^ ^ * ft « « * m z m 

MftSftftftftftftffift (MIMO) H{ayXxxfcfcyTft-7ftMftSfcftcDftr£ 
ft ft SB", 2 0 0ft5ft lFJgft 

ftB#ftffiKSftSl09/826, 4 8 l^SWftO 9 / 9 5 6, 449ft 

, ft ft t fc fc ft ft " 7 y 7 y x a is y x 9 x fc ft y x ft + ft ft « H If IS ft f!l ffl ft s fc ft cd 

ft ffi ft ft gf" , ftftftft200 1ft3|423H, ftft200 1ft9|ll8Hfcifft; 

ftBWftftMftfgO 9/7 7 6, 0 7 5ft, ftft "777^71(1777 
ycDfcftcDn-ftVy/Xft-x" , 200 ift2MiHiim;ftft 
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fl#ttt^» 0 9/5 3 2 , 4 9 2 # , * ft - + t 'J 7||*S 

ffl-r§«^*iftttgfflM^XxA" , 2 0 0 0 $3fl3 OBSffio 
[ 0 0 9 9 ] 

LiaSOffiiti, £T#fi§HJi©»SAlcSM£ftT:fc t> , 5 1 Mitt t L T C t fc ffl&JA * 
nt^§, ffilS^HO 9 / 7 7 6, 0 7 5 ^|t/ 3 - 7 s -f > ^ X * - A * §J HJ? L T *5 t) 

-h*mi$?%rc&icAy??vvyy*M&?%ztic&^xmj$zn%^m&t) li %>% 

Bflf-feSo 10 

[0 1 0 0] 



B 6 ft, MttfcffJ»S«a7n-feS/y?&«*HfffSli#tffcSRX M I M O / 
r — ^nt7tl 60aO7ny^ST'$5, RX MIMO/f- ^Dt^tl 6 

0 a & , BlORX MIMO/f-^Dt/1 60Ol||||-!?M. N T © )M 
fltT^^^^SSSfllSnfefll^tt, N R ©7>rf 1 5 2 a 1 5 2 r © * ft * ft t «fc 

T § fH 2 ft , ^LTftlfnoSfil 5 4t||?tl§„ # § fH « 1 5 4 f± , * ft € 

) , tlTl8«nftif*7*^y^;KtLT, *f F5 T 3 r - * / > 7° )]/ (D X F- u - A % 20 
[0101] 

OFDM««Ml4^MIMOIi:|LT, f-^>7";W/ § ff 2 ft S/ y # ;1/ © ft 
Iff £S„ # § {§ S 1 5 4 1/ ft ^ ft © § {§ 2 ft Tc is y # ;V X h U - A , t ft Si % £ 

1 6 0 a!/i5lift$5o 
[0102] 

OFDM^fffltSMIMOtHLT, # S fH S 1 5 4 1/ M ffl ft % 7° U 7 ■< y 7 x $| 
ixL^^y hSf/F F T^nt-y^^^^t^O ( S # ii , # f t <D #> lc 0 6 t (± ^ 
£ ft T to * to ) o Ji«W47"'J7^7n«lb^yKi, M ft! ft * 7° U 7 -f ~y * X * 30 
Iit5„ M ffl ft * 7 y 7 -f -y * x ft % #Sf^y*;VtMLTSiii/Xf/Atl5^T 
ffA^tl, »jSt*$i*ftfeOFDM'>J'*;V*4**. FFT7°nt7ft/ * <D ft 
. # § ft * ft fc o F D M 1/ y # ;J/ * S « L T % *©J/y*;V»!IBI<DlBI, N F © M St W. 7" 
f t*/H:»t*N, «D*fll*nfe^y*;KD^^h;V*4**. n R © § {§ s ft ft y y 

^Hn/I/XF'J-iB, RX MIMO/r-^7n-fe-yyi60a-\N R 

©SfSSl 5 4ia-3T4^5tl5, 
[0 1 0 3] 

O F DM^f ffltSM I MOtllLT, RX M I MO/f-^ 7°o4!'/ 1 6 0 a ti 
, N R <D m £ ft It i/ y # ;V ^ * h A/ X h y - A * N r 08««nfti/y*;VXMJ-L 
© N F © / ;l/ - 7 1 r v ;V f - 7 U -y / x f s nj m 14 <fe S „ N F © / ;P - 7 ft , #Htt 40 
/ 7 / ■¥ / ;V t » L T l / ;V - 7 1? D % # / ;V - 7 ft % l o © M jfi SSc / 7 / * * ;V t » 
LTSfS^ft/ci/y,-K;l/©N R OXF'J-i^tA/f^S, RX M I MO/f-^P 
•fe -y ^ 1 6 0 a li , ZV'&s OFDM^ffflL4^MIMOtlitlN R ©§i«nfc-> 
>#iFXFiJ-AfcjltLtOiH> |Wf a © 73 ffi N R ©SiSla/i/yjF/FX F 'J - A 
<D # / ;l/ - 7 ^ © g ? % nj H '[4 & & % 0 R X M I M O / f - ^ 7° n -fe 7 / 1 6 0 aft, 

co^S^ttfinftiat, ^ < -D ^ © ffi © # - ^ y y^xt-Atiyoto f dm* 
iffltsM i Moic»LT««*nfe^y*;vfeftnif*Briitt««**o ^fmoi^? 

6, RX MIMO/x — ^yn-t!7tl 6 0ali, (O F DMSIffllSOM I MOfc 
MLT) N R © ^ ft 5 ft fc 5/ y ^ ;V X h y - A * g L < (OFDM^fSM-TSMIMO 
icjttLT) N R <d S ft * ft y y ^ ;!/ X h y - A (7) # / ;l/ - 7 * © a T § „ 50 
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[0104] 

H 6 ICyjkl* 4xfcMMJ&1&~?l&^ RX M I MO/f-^Dt'^l 6 0 ati, ft ft 2 

n%<%&m-z nfcf- z x p- u-iofnfntsLT 1 xf-^c, « a © a n l ^ 
( -r a t> Kjgasftfe) §ii^Dt'>ynT-?6 1 oa*>6 6 1 on 

ft ft ft 0 (110X7-^6 1 0 n « < ) # § {f « 7° D ft y y ft X ft - ft 6 1 Oii, ft 
fS6*J7°ti-fe>y •9-6 2 0, RXf-^"/ot7t 6 3 0, Stffi^ty-b^G 4 O^^e 

0 * d 6 1 0 n l± , ft Pe§ W 7 n 4r -y ft 6 2 0 n R X} R X ft - X 7° D -fe -y 9" 6 3 0 n fc 

ftftfto 

[0105] 

|l©Xf-^6 1 0 atBLT, ft Pe§ » 7° D -fe 7+1 6 2 0 ati, 10 
< f± ft PeS - Bf PeS S ft S 7° D -fe y y X S Wl t S "3 ^ T S ft S 1 5 4 a 6 1 5 4 r*6(DN 
R OSi*hft'>y*;VXHJ-i ( * 7 P- ;V j^ 1 tLTUti«) * S ft L % © II L T 

, ( * * ) n t ©ttffi^nfei'y^ivxhy-A (^n;i)L" 1 tLTi?n«) ft ft 

yc S 0 0 F DMtf fflt SM I MOtllLT, N R (D8f ^flftJ'y^^X h 'J-iB, 

1 o © m s a ft 7 ft * ;v t ft ft s s ft £ ft fc 5/ y * ;v * M e f s 0 ltfi^f-^i/- 
h t *f is ft s & ffi £ ft fc y y # ;v x p- y - a % x " i , a % if?sn, ?ltrxt-? 

7"nt7f 6 3 0 a fc *. 6 ft S , 7"nt7f 6 3 0 ati, Hi ©Xf -v'fcSLTlK 

* ft fc *fc ffi * ft fc ft y # ;V X h U - A , x * i , *«6t«lliLT ( M * fcf > ?tfal/ 
-PL, rVyx-y-7b, ?LTf3-FLt) % r3-F2ftfcr-XXhy-A 
*#ig„ ft PS W 7° D -fe -y ft 6 2 0 aii, f t^/USS? P 'J 7 H_, © S S tf £ 4 20 

* 3 o ff*;PfS§YPij7XX, fft f± % ft T © X f - ft t *f L T ft PeS W * g L < f± ft 
19 - n m 7° n ft y y X * n Sffi ft s tc J6 t ffi ffl 2 ft s o 

[0 1 0 6] 

gl©Xf-^6 1 0 atlLft ftpft^y4r^6 4 0 a It , § ft S 1 5 4 fr> 6 N R 

^6 4 0 a fci , R X ft - X ft n -fe -y ft 6 3 0 altl^fn-FcEtlftf-^XP'J-i^c! 
tiicf fL, ^ L T 7° n 4r y y X ( M x. ft , x y n - ft ^ y 7ft 4 y X - U - If y xft £ 
§1 , ft * ;V » > & ^ ^ © ffl ) * H ffi L T , N R ©ilSI2ftfe-yy*'il/XPiJ-i ( 

AtEHt«fi^^©iSitfeSo b m. m * ft /c y y * ;v x h y - a a , ^ © ^ % $ 30 
i©xf-i/©AA->>*ii/xpy-A^^i?i2tit, n R © m. f& s ft fc y y ^ ;v x 

pij-i (^n/l/i tLTUti«) ^iffitSo Cft f±, £T©LfrL5l#JISft 
fc (tftb?, ffij |2iifc) Tll^^tCf, N R ©Sf Jtifti'T'f ;1X P 'J-Ati, 

* © ^ , ^©Xf-v't^^^tlS, 
[0107] 

|2)l^IIOXf-v'6 1 0 b 6 6 1 OnOftlfntMLT, t <D X r — i? t *f 

f s S PeS W 7° n -tr -y+t {4 , ioxf-^cfi^ty-fe^Aft n r (D s m * ft fc y y * ;P 
XP'J-AtSiL, ffiiLT, * © X r - t W f 3 & ffl * ft it *y y * ;v X h y - h * 

istSo * © x ft - y tc ft if % m ffi ^ r - x y - h t *f js -r 3 ^ ffl * ft re ^ # ;v x 

h y - A *ft S jR * ft , ^LTRXft-Xftn-fe-yftt^^T^lI^ftT, ^©Xr-ft 40 
tftftSftn-F^ft/cft-XXhy-A^ft^So Sl2*^|l2-*^-||fl©X7 = -- 
ftC^ftftfttMLT, fOXf-^CTi^tytyt^ nOXf-i/'OTi^tyir 
5 ^ 6 n R (D m JB * ft fc y y * ft x h y - a & ft rm c x f - ft ^ © r x ft - x ft n -t -y ft 
ft 5 © ft 3 - f * ft fc ft - x x h y - a ft s fs l r , n R © h m. M z ft /c y y ft ft x h y 

- A ft g m L , * L T 7^ © X f - ft t ft L T N R © S * ft fc y y ft ft X h V - A ft ft * 

S o 

[0 1 0 8] 

a ^ » * ffl K S « m 7° n s/ y 9 S « f± , tu2^*B#WffiIS^>| 0 9 / 9 9 3, 0 

8 7^sffso 9/8 54, 2 3 smc^ ^ic^mi^mm^tix^^o 

[0109] 50 
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§Xr-ft*lt«SBfi7'ti't'i't 6 2 0 li , H 4f © ^ IQ W S L < li m - B# US 8: IS 
a 7° p -tr 7 y / s « * n ff f s o ifflsn«<fSftWSffi^nt->y^g«tt, - 
is t m i m o f- 7 * ;i/ © # 14 1 is # f s o cntt, # / m m m l < a / % s © 7 -r n / t 

KIM I MOf f MISIKW7x-f-f (tftb^, J'^fA/^FIK 

[01 10] 

M^*J!La-rsfe«>tffiM*n*Briitt««»D, & ffl * ft y x e y - a # # * 3 10 
o d n 5 © s is » * s m m f o -t y y / s fit a , f - * * >vm n v e u 7 * x s ?e ( c c m 

I) Kflf (iltltt, -t? n - 7 * — is y 9 (zero-forcing)g^ £ L T £> nffcf ft 3 ) RXfMfr 

§ 7 - (minimum mean square error) (MMS E) K fit tt o ffi© S PS W % § 
ii^DtJ/y^fffe, IS ffl * n 3 rT 14 D , *fSB^©IBHP^"Z?35So 
[01 1 1 ] 

USSM I MOf t^/HdLT, f - * * ;i> t 33 3 B# PS / ft f± , ^ 7 # ;V IQ =F P ( I 

" 7 n X E - 7 " ) % BaiLiT07*-i(Xh'J-i*>60I S I ©MS^SftSifSS 
35 3 o 7 D X E - 7 & ri I S I <Dmm*JlM? ZfctblC, 2 IQ - B# IQ § 1H «t 7° D -fe 7 7 20 

ygfta, gistifeifSffiitsfti&icffiffl^nsRiitt^ft^, tft ffi « ft ft 7 7 # 

;E X E 'J - A 5: 4 i 5 o d fx £ © S PS - B# PS S IS «t 7° n -tr 7 7 7 S « f± , MMSED-7 
(MMSE-LE) , W »r 7 ^ - K / W 7 7 3 7 - / (DFE) % fi ^ © rT DB 
|ttf$5 , > - 7 7Xft/g#§ (maximum-likelihood sequence estimator) (ML S E) , R 

ri (D m % # <& o 

[0112] 

CCMI, MMSE, MMSE-LE, & ri D F E K fit i± , ±IH©*H#fttHMII^I® 
09/993, 087, 09/854, 235, 09/826, 48 1, RZ} 09/95 

6 , 4 4 t f| fffl t M 2 fl T 7 3 0 

[0113] 30 

d d -t? SIS PH * ft ft r - 7 7 - E $ 5£ R ri r - 7 M m S Iff , S 7 © / g \c j; ^ T H ff * 
n 3 /T It 14 ^ 3 o ffl ^ ti\ Lh^CKf (7 A-F/7, 7 7 E 7 x 7 , g/tTe 

n e> © i_a * ^ t> « n ff * ft 3 rt db 14 ^ s 0 A-F^iTifftut, as ai « t * » 
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fclWMN&ilWiJB4 8l»gi„ 

m^-nmmt < s n r > straw* 

WIEM^-v *Atf>fflI3SfIs N Rfc i V s NR*7-fe h iz&J^x mwm%com^\ 

•y h Wilft^E:— HCO 1 -fe -/ h c^ftg SNRt tCtt^'V mTfEfflifccoM^Jf-^ ^VCO&n CO 

mmt— f Siffift-r a i fc t* o . IuIe^^m^j^-^ */kt>#-<? ^MiEjift^- Kaffir 

IEMM^^KOt^P- hS^LT^ft i b b . 

Ifff EMM** */Hc*f UT Mi BiSB*- Kfcfto TlulEM^ii^Jf^ 

eo#*tf>T-***PW-4£fci:, £ffi;ift?ri£„ 

coxm. 

Ht*JH54] 

itiem^-v *;PTSft§ ftftiffif- ^i*ft^fts n a p«^*^'v ^xmmmcom\i- 

* (VfflB&m**- H £»Tft d £ £ § fe (C**. ft If 5 2 IEttO*S. 

mmn^ ^/vcoma- + *>m&zm^ ^x mRMKw$m+-**)V0)&« osft 

«^*f$t1Ht ( S N R ) £9ttW*fc»0>#ai: . 

^ */K?)#* S N R £ if*-*- ft *>0&&k . 
MiEM^J^^/W^mrlEi&^SNRt . ISfE^r-Afci^T^— hS#itV^5 1-fe 

•7 h ^jlff^E— FCO 1 -fe -y h CDi&g SNRt t£g£-^V ^XWSMk^^l^-^ WVC0&* CO 

- F {±HulEM^Jf-^^;k«50x- ?P—F£^LTfc>9, 
MIEM?iJ^^ *>Mc*f L T MIR £ *i& WtEiMfi^ - H t« o T HUiE^^ * 

co&*co?-?zm®t&*ziibcr>^mb . &ffit&*mMmi'^Mz}5w&mm. 

[11*1156] 

luiaaacoMM^^ *)vv>&« -cgmzttiz?- ?mmcoff a m$:m^& tz^co^mb 

•V *)VCO&* COmm SNR^-7-fe-yb^ ilSf ft t&X7i¥& b, S § tffi X. ft If *H 5 

5lE«^Bo 
[lf*lM57] 

cOmrlEiMfl^- H & WW4fc«)cO#K* § fe fcM i ftlf *H 5 6 IfitK^S 
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Ho 

m#*fat#Jt (SNR) fcff-JtU luEMM^A-^/^mrlSSftSNRfcSNR^-^-fe-y 
1 -fe >y F CO'J&W S N R fc ^S^'V^TIulBtSiSj^M^J^-V^^^^Mfi^- KSrSBW- 
frf BM^Jf-r *>Mc*f L T WW. § MESSS* - F fcfl! o T huI e»OM?(f * *fl' 
[11*1159] 

SB L , IWBMJiJ^^ ^^T'Sfi^ii^ frlB^-^^fI^«S n a p«tc*^'V ^TIulB^^ 

M. 

HfBaB?8*H:3 fet, WIBM?'J^^^vVT«$^BtrlBx-^^m^*Sp a n «^S^ 

v^THfriaaf^M?ij^^^^^«mriBMfi^- h*ibw* «t a (dwwsaraiJis 

[»*iM61] 

MiGifti^^ A fc fc V»T Wkto&ft** *)Ucr>&* ffyf-r */Ff lj#ft5g£# "3 , 

m#*ras#Jt ( s n r > £tt Jt t . 

iriBM^-Y^/^mrfESftsNRt sNBt7t7 vbizm^xm&m.cr>m^ 
-v coi&f^ s N r £ tm L , 

fflBM^J^-v ^/I^Mf B»# SNRL fffiB^x f- a fc i -o x ihK— F § ftT v ^ s l -fe 
•y F ^jlff^E— F<£>l-fe"y F <?>$M SNRb ^TlWIBtf S^M^J-^-r 

i*tn= - f £ shr u laiasBR^ifeWf - "V *jw&r * <?> mmm * - f (4 m ibm?^ + * 
wfEMW-f-v ^x'^m^ixfzm^-^mm^&Mcommzm^^xmimmiomi 

f-Y^;^#^<7)BfifBSNR3j-7-fe v F «fc 3 (clWpi»rffi&ifW** $ 6fcE*$- 

h ft>sb<r> , If *lf 6 1 iE»tf) 7D-b 7 "3 "eitg^ft: . 
[ft*lB63] 

* *)V<7>& * co luIBiMfi^ — F5r 9Btr Si o fcU»fpsn&S^»^ S- $ tiB«t S fc«)<?D 
, it*H 6 2lBtfe^Tn-b >y HfiBBR 0 ^fgffitt:. 

[0001] 
[0002] 



(9) 



#^2006-504372 (P2006-504372A) 



. z.tihcr>m\i-*r*M±. $mv*4y. mmmv^jy. sra^-Ty. ifcii^fi 

fecoffi^^T-ffM^T'ftS. WifcT, 1Sf*^ai?iJ-f-v^-;Wi, mtm&M (TDM 

) am^-rAfc*j»t**Sr*^-f hizx-yx, mmmftw&m (f dm) art 
is^j±\ l zj8tfhmtchffimfc*r~7J^>vi l z£^x. w.x.mmwftm^n (ofdm) m 

ti^mti (mi mo) mn^^Mz^nhm^h^^^Mzx^xm^^X'hh 

„ TDM. FDM, OFDMfe £T/M I MO^X^ASri^TiC J: r )¥EMzM B Mt&, 
[0003] 

tiXV^mm) SrSttAfU 4fe»Sr««^«tfPlfc (SNR) ^38^4; fc^S 

m izmm*iffi&¥fMn?- ?v-vi,zz.~>x mm.it zk$>„ s n r ^Mjijf- * r t 

[0004] 

o% ^TH^M^'J^ *;fco#* of- ? F— b £ ^ >- F a— h MM LT v •> £ 
. F-F^Fn-zFcogfityi, ^fflA^7bx5-l/-b (PER) ^flfcO^tJ; 
oTJg*fl?fr^— Loo, aSKcOM^^^^T^e^/I^-r -y 

[0005] 

fx -T & fcftoKHMHff fcts it <£> S o 

[0006] 

^tfOM^iJ^-^ *)VX~<7)T— ?WM<F>td£><7M)V— 71/- F 3 y F n— ;F£ Wn~th tz 
tort^WXf&Wftth . ffl/F-TF- V r? > F n-;Wi 1 ^UiCD/F-Ttc J: ->tl 

/FGD#y? £oi ^TM-tJKf-f'— ^ F- h * MiK~th ( MiH ft V T >y h £ 
[0007] 

mcr>^3\^^Mz^\^xmMz%^tih . f-**;wisei4. ^m^x^wmmco 

■V ft <■ > F t'^-T £ ^ */Ff iJ#JtSfc J: SEfHifcti ft S 7 a T««Jg^ £ 

^LXmWj: rilfTE- F* j #\ ( 1 ) MM^^^/Ftf'JDST^tLJtiM 
fittt). ( 2 ) M^Jf-^*/F<9f-^*/V«B£. ( 3 ) M^^/Ft^LT^/F-Tt 

ioTSftstLfcsNRsr^-fevh, fcitK' (4) ^mv-r^zx^xm^tLtzm^m 

4 W J&O'T — * P — h * LT V * S . SNR^-te-yF {±M?iJ ■f-v */F t: ffiffl-T h t s' -y 
^^"^MSr^LT^ 0 , M?iJ^-^^;^jMfi^-F'^jSfK(^«-r4. ^gp;F-T*^<50 
fl&<OWffit=«fc-3T, WAfcfiWKr^-y Fx^-^M^Jf-^^/Ffco^TgfiS^*-^ 
, M^J^^M'^LTa^S^SnSiO^ffi^x-^F'-FSrW-ri.Mfit-FS^ 

[0008] 
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A'^7M7-l/-h (PER) SaftK-riifcAfTOCiliS. iSS^^y 

[0009] 
[0010] 

[0011] 

mnm^mmzMtK. ttiM^^t Lxm^tix\^Mfx-it^\ 

[0012] 

co^ij^-v ^;l/(7)#^cr)T— ? h 2r 3 >- h a— Z b ZMM LX V ■> h „ M?H- -v 
[0013] 

11(1 N c fl C;t'N c <1T"$>I>) <?3#^J^ J r^;WcM-ri.BB;l'-Tl^-hr3>' 
ha-^Jttl. v;l/f f ^^;Hf yXf A 1 0 0 fcfcft&ilfitSl 1 0 fcSfUll 5 
OW'n-y ?H£^LTV^ . N c Mcom^^r^M^mcoX o KM* nHWCBtiFI 

mx-hh, y^yvy^mmiz-o^x. mmmi 1 ottr^-trx^ybtfcD, sm« 
i 5 otti-ifss*-c& o . mi oawsu 1 4 siir^yy (•t%b-hwjy? 
) -c*"5, m2offlfiyy^ l 5 2iir-yryy^ (tm^'Jy?) -eft*, r-yr 
i/y^jfflBfcioivni. MfttSi l OttJL— rafi*TJ> 0 , SfSfil 5 0U7?-fex^ 
y h -eft o , is i is ± x/m 2 warn yy? n JHiwr ? y° u >^ £ «t v r ^ y u y ? t- 

[0014] 

jMfllSl 1 OfcfcWt. iMft (TX) f-?7'n*7tl 2 0(iN c Ml 
-A^^ft^4 (N c M<7)M?IJf-V^l'<?)#^^0§ Hioxh y— A) „ #M?iJ^-v^ 

hp— k #5t«o^y^y-7'^x^-A. fcit^so^tigx^-A 

ligx^f— A(i^iJl|ay hn~Mz£-oX^£tiX^Z>„ ;M«3Vhn-yH±3yhn 
-7 1 3 0fcir>T!i«S*t, 55*1*1 5 0^«^ft7M-h'A y?<fpg. * 

^tcj;^-c(ijMfi«i i oizx-oxn^titzm^mm {mui^*>vw£) zmmtx 

[0015] 

TXf-^n-feytl 2 011 ^fO^iJ^^W^L-CMK^tL^ilfl^-K^ 
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~o X&f- ? * h V — A £ flHHfc . -f y * >J - 7"fki3 4 tOTI L . SSIS" > tf'/l^** Jfc-f 
SXiy-A^Mtl,, TXf-^rn-b'yfl 2 0i4N c fflOf-^h'J-AfcN 
c flfWSBH^^'sKA'^hU— * tTilfl^-v h (TMTR) 122(4 

. Mi.(f. 1 1 2 2«OFDMyXf AtMtSOFDMjiP!, MIMOy 

Xr-AlZf^t^^M- tfzii (OFDM^flJffl-T^MIMO^^A-C^S) MI M 

yM4*fc, ***>Wije. MIS. Jf«kitM$|iJ|3M. nb-l^h-WSrif^R 
^St^Mrf-^ISt^T^X hgfllil 5 OtCjMfiS^xS. igflftUs-- y h 1 2 2(4M?iJ 

CDilflU^:? 1 4 8S:^-LTSliSl 5 0tiSSSfL4. Sll<7)ilflU>-^ 
Jnffittafe«r^^JHf (awgn) tj±tP (2) ^KJ:oTI±flB<OjS^3^i3<o=F*fc: 

[0016] 

55(311 1 SOfctiivc, (ffiRo) M«fI^(4lo£U:05fflT^^£4^T5SfI£ 
it. #T>-x^3&^^ifS-^iiSfi1i^---y b (RCVR) 16 0(c»*$*i*. 5tfi 
h 1 6 Oli#S<lfi#**fflE*J J: t*r-f S^JWfcU tfetit^xb'J- 
h 1 6 0(i££>(C. ilfitS^-y b 1 2 2i l zx-oxmn^tt 

U .I;h.£(43HI«l 1 0(C«t-3TJS^n«:3BPI>'>'^U0N c fflc^X b U -AcOftST' 
ft*. 
[0017] 

<k^X«gmm (RX) f-^TDt-zfl 6 2)1 N c ffl<0@«i/y*';P.XhU-A£ 

^f-^bij-ioigT'&S. RXf-^rn-k^ti 6 2tcfc4J8!afi£9I, -f'-f 
y^y-r^fcJ;mS^*^T"ViT £> 4V\ RXf-^7n^7t 1 6 2(4££>£. 

b u txim^mxh s . 

[0018] 

gfttii- -y b 1 6 0I44/SN C jICOM^^*;H=^rSSft^^-f n >y bi^tf/l^ 
?-v*/Hi£«l 6 4fcSeW-£. f-v*/Ht£»l 6 4{4itL^<7)SfIy^-fo-y b^y 

+ */Hfl«ttsefc J:tf*#iMftN o iSSKrirS-^TV vc tiK 94341 1 5 0 T«§ 

fi4»#7nrT*4«S4HkN 0 i4. *-r*/HKF, ^wmmm^, &£rsm<7>mm 

[0019] 

jlfi^-b' (TM) jfflR&l 6 6(4. f-Y*/Wft£#l 64^&tf>f--v*/H8£f:, * 
•^■tc4-oT(4RX7 ; '-^Tn-fe-y-9-l 6 2frt>cr>^5r-y Y-X'r—fX&kXf/ttziZ'ra 

-rx h o txt^iti-h . jMftt- KStRti i6 6i±, a^f-^ji^f-^/Hft 
^|y'SNRt7t7 Mcs-^^TNc ffl<73#^J^-v^;^^-^«Ki^SNR^lt»:-r 

iKWCMfTE:- b*S0?& 1 6 6(4. M?iJ^^^;^»ffSNRt^gP^-rWfgt^ 
[0020] 

3yln-7l 7 0(4. N c ffl^glfKiMft^-bTM 1MTMN C ^jHft^E- bjMfK 
fsl 6 67j>£>. A^-y NXf-^X^ RXf-^rnt 7t 1 6 2 (HK^-f) fr^it 
"Tt. »^yhn-7l 7 0{i7^-bvs--7^tffg5rSff«l 1 OfcT-feyrUV^ 
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~th . 7 4 - FA -y Pmmit , N c W^MWf-Tr */KC«T* N c ffl^SKMft^E- H . 

§if-fA^ 7 hfcw^-i-ftsgaffiuss ( ack ) iv/4>tii53g«aweiis (na 
'Itfg{im2(7)iifiy>'^ i 5 2^un«i i oizM$>ti&. mmmi i cm?*- 
SE-rs. mta. mmmi i oa. n g loMf-v^K-siii 5oci^n c 

[0021] 

-FUSSfHIl 10t3£93g3:ft.&. fioSgSftMSfcfcVvC. ^^/WtS&itfiift^ 
-FS1RJ4. ( 1 ) Sfittl 5 0*»S>»6*ufc:7 ^ -K^^flHKS «fctf/£fc(iiMfi« 
1 1 0fcioT»fc^ffi«0flH8fcU^V^iS®«l 1 OfcioT. £>S^(4 ( 2 ) Mft 

[0022] 

02(4, ?hg|5;P-r2 2 0 kB»U-ClMM-4P«j9Ert^7"2 1 0 £^-^^»l-7 
s l-^coM?iJf-^^x(OrtgP^-T2 1 OtiiWHE/P— T2 2 OCO|fr^Sr02 t 

[0023] 

. SSfi*- K«R» 1 6 6 x ft«SJR§§ 1 7 4 {4. ( 1 ) ***/Wi5gH 1 6 4 xj&»£><?5 
f-V*/Pfit5££:. (2) n a p«ftS^l 7 2^»M^J^*^xcOSNR:*:7-fe.y 

. HBlfc-JN&fcibfc:, SflSNRi4, *"Y*>W!5£»1 64xtir>tffli»l 7 4fc« 
ffiSft5fc^fcLTH2te4fcSOT£iSS*tTtv&. * fCiBRS 1 7 4{4. mmt&£o 

smitfg^a^v^T^ijf-^^xojim^-H^^-ri.. *^xe>aft 

*VO*4. j&ftUKfc^T, 1 3 0(4M^^^;WxOSKjMfl^-K^g 

fit. M^-v^/PxcOT-'-^^-h. W^t:fcJ;^M=jyho-;l'^WI8fr-g»o JK^ 
"Cf-^IJTXf- ?7n-b -yHf 1 2 0 x(; i-^Tiix^tOny fn-;K;f 
*U § &f n -y t-^ytf/WcJ; o-C^SftSfl, ^31ff«^--y 1-12 2 xtcj; -> 

[0024] 

iWIS/P-7"2 2 Oi4M?iJ^^^xT'-gft$tl7^f : -^^ffO I ft«^«ffiL. M?iJ^-t 
^xOflW/t— T2 1 OCDiWSrtlS-rSo M^J^^^-;Ux<7)Sft-f-^>'y^;K4R 
Xf-^70-fevtl 6 2 x(Cj;-5TMS§fL. M^Jf--Y*/l-xC9=g-g1lA:>-.y h^Af 
-*x*5 J;V'/4^(4t3-^ N U 9 xi£AJtt££$ 1 7 2 \,zW&^tih . f^-^ 
HJ?.XJ4. BflHHfcS'JoiOl'X^-l'-h (SER) , W&frRMJlXhV?** (S 
^f3- r^M-TS) MYamamoto^h^X, fcj;^' ( ^f=J— :^£*f 
fX^-ft^y h^b'-y htfOS/jN^JtiiT^it^ 3 JSJt (average log-likelihood 
ratio) ( LLR) sfiriffc-SX/CVvCfc Wff-fkS ERJ4. flIi-yM6 0*> 

^CO^m^y^fVb, RXf-^n-fe-ytl 6 2^cOft-^x-^£MSt-£ (Mi. 
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aa^a^twM'U^ (treilis) s^wsas? (*£> m^u^*^w*»:<?d 

[0025] 

-f row fgsrf^ffi-r * £ fc s . «w.tf . jMR/t—r 220 imn^ 

*fl^!W£SNR«ttJtt:ffifflS*lS. fLT»SNRtt;l/7;777f-7'^ (LU 
T) i 7 6fclftt§*i.-c, M?iJf-v^;^SfI ; £-^SraiR-tl»^tffiffl$til>» fi£-a 

f-v^rfctcSJM*— HSME*it«^riBT*4. ioSHWcfcoT* rtS;l~72 1 0 

tfSSfl^E-KWKdU »P-T2 1 onmftZayhv-JU-t&tzSbcvz^nmffiTfo 
h» 9Yffl>)V—7°2 2 0«4fc, rtSt/P— 7*2 1 Ofcffi«^>f rcOifflE***^ i 5 fcK 
ff-»TteT*4. fi«t"*-*fc«)fc» SNR^7*7 htiil^Sg*— Hi»«»*JaTfc 
^m>V-T2 2 0l«^(?*ftT'SNR*7t7 hHJ: V-/ £. tz (ijUft^E — H 

[0026] 

— fcat-3WCilSE3*l.4. f-^h'J-All A^7h, /D?^, 7l/-Ai/;liff 

Sagfij&cWBWIfifc^x^-ttmn-K MITOH^y? (CRC) rj- 

F) KJ;ot»^f§;tj(|itH t #M3aj^^M4^e<OSSI^y>y 

b (PER) (ffifitri%PER) fcWIUV^tiU. n n p««5gtsl 7 2i4M^-V 

M^J^^^xT'W^'-^MftOM^t-t'nttt^-ftSixT t> in. S N R^-y-^-y h 
{4 * «Dl&ft*P5:; N'y-7M'hCADN ^fif 11S^ L , ^ ^ >y M'ttAUP ft *B 

■J^TSKtWCft*. SNRt7t7 Fi4HKWtciEt^i4-fe"c?TS>l.* i . 

SllWt, JfelHtSgSSl 7 2(4. WitT^y hX5-W^-X h^WOf-^ */L-xTl$tt 
i:* 1 "?**. ift«iiS5t3Sl 7 2^0SNR;*:7-fe-y hfcitf/lfcliiafit-FtHKi 
[0027] 

^i4iMfi ; E-h'«4^KJiEtTiffl»f-£ £h#T# 
[0028] 
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*frzteatms nrii mm+vitwxtm'U ^y^uzm^xmw^m 

iK-hWCftO, ^^-FSftTV^ilft^-Fte. a«PER£j£j£-$-S7t#>£M 
COft/hS NRSr^St-Ti. . B a n fi»JE§l 1 7 2 ttl5tjf^^ x ri £ S N RV-y>^ 
flBrt & £ £ #*T § . £ iXtiMMf- -V * >F x CDSft SNRfcMSNRi CO & . 

[0029] 

N c l»SNR^7t7 FfcJ^'/SfcfiNc fflCOiUfi^-h'SriSS-rSi^^fcO. M 
ri'l'— b«Oift*«»3>**fcfc&l,3*. L^L&tf^, *S3«O$Ql0KII*fflVv?:, ft/h 

, <r coma- *r wv-rmm^ - f wsi ^-?u-h tm«iirc & s . 

[0030] 

05«HP<mb4. -HRWfc^at/P-rfi, ft^-Tco^-FJ; 93a<Ti>@<T&J:^ 
v- f xwteth . «itr. jMR/p-rt J: « s n r^?* ■/ f copKii^i^fl^ 

miz£~>x, M-m/v—yu—fflffttz, x'o^^-^mimrz^z^m^-y^mmzj: 

HUfKit. £?zimtA,b'mW$:R®Z%:^X'fo*>o . 
[0031] 

. fist, ^imm i NcM^m^^^ti'^^^mntm^yuTN 0 tzmfcth 

(Af773 12). JfcwraSBWi* N c fflWM^-V^O^/rWMft^-F*. IS 
fcX^WCSBW-i (^f773 14) . iWB/P— rflBWi, N c ffl^M?0***/UO# 

[0032] 

mmmt± cstrnm^n^tu-z) n c mcommmm^- f tee r n c »f-nf 

U - A &ft*Mb& XX/^M U N c fflO^IRI^y^X F U -A Srig^-T S ( X-r -y 7° 3 
2 2). ^-iTjMmtgltiNc fflcOM^-v*;I/t-N c ffl^fig^y^VFX F U-A^^Il 
U Sft«til«t-§ (XT773 24). 
[0033] 

s8©»4, n c mnmfr**}vx*%mzixfzmmmfr^co?-?mm$:mmL, n c 

fflcOHftS^jf^XFll-A^fS (Xf7r33 2) . Sflfit£££>fc. N c 
iHfit-F^^TNc fflcD|I]fl5/>*7kXF 'J-A^flU N c fflOfl^Hfcr— 
FU-A£#£ (XT773 34) . »HWi*fc, MMA^7l7f-^X, f3- 

r-^SSflOfl«S:«^rS (Xf77336) . ^X'^Wmt. N c fflOMW*"** 
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MZtm-tZ. (XT7T3 38) . H3fc*JWt, X^r-yT3 1 2j&»& 3 2 4Iirt«/l^- 
TCO— gBfc^&SifXTk £fcXx-yT3 3 2 3 3 8 ti?Kg|5/k- T O— gflii^S: 

[0034] 

7° 4 1 2 ) „ N c »15ijf t ^#^^f3-^ MJ t ^ KM?^ 

^t-FfrJHfr^ifcfttCffiffl&h.'Ci) (X^-yT4 16). jWK/l'-Ttt. 
#ScOiSlt IZ £^X , m4tZ7ji£tlX\^&X^>Yy°C0dhcDl^£fzteZK^CDM^fo 

^iies*-* it 

[0035] 

0IRlf. £*l£><7)KWJ4. TDMyXfA, FDMyXfA, OFDMli/Xf 
A, M I MOyXf^iV'OFDM^fWf|,M I MOyXfA (^^*>M I MO- 

oFDMyxtA) ^tizmm^smxh^. 

[0036] 

TDM Aii-f- ?^7 A#{TCi3feB*rflBT* 0 , * ^*ttWJ££>B«ffli}' , C 
ftft. #71^- Ali, M^r-S^n-y h>f y^'y^x^WJOST^r^^^ (n t s fflco 

cO#^r(il^±<7)Xa-y >*-£X,TWtfcJ:^. N c *>Wi, fcfciHl^fciS 

[0037] 

ffM^f^&D. :^N C £N S b -C&So N c ffl«^-f-^r*;i^)#/?(ilojaJi 
[0038] 

OFDMy^fAliOFDMJffltt, £S^xA3P££:8B&<7) (N F »D) E^^f 

N c M<VMi\***M$N F M^7'^>Vl,z£^xmf&~*SmX'fo>0 . £ 
ay'a^hty MC i^TffMSixTUS. N c fIO-fc>y hte. imzfo-otzb LX i> 
^tlX^^iZii Wf^y'a-fl'b'CftS. OF D M^X^Afi F D M ^X^ACDW 

A -rbXZrrz k l> . 

[0039] 

MIMOyXfAil Hit^ (N T M<?0) MffT >^i;1tlC<73 (N R ffltf>) S«T>- 
T"^Sr-T-^jHfI(cfflV\ (N T , N R ) >-Xr-J±k^k%ilX^&<, N T flM^OjUfSTVT" 

ffiiaf-ir*A«tt, n t mcommry*i-kN R mco^mTy*i-mcom^^m^- 
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[0040] 

MI MO — O F DMyXfAii, N F fflcO-f^^y h*£7)#« N s MCOgffli-r* 

*r*Mz£~oXMf$ttMX&>*). Zcr>t§^N c sSN F -NsTibft. N c fflCDM?!l^"Y* 
y^y^COm^io^) i^X'^Xh MIMOtiWMIMO-OFDMyXf 

coiSftr y-f-t- 1 mm lx ^x & «t v 

[0041] 

M I MOfc it/M I MO-OFDMyAfACO^t> f~ ? <7)JjfeX"N s fllCO 

ffiiaf-^^Tajwriit^ss. atiH-^^ttJuwwH (»csi )«mimo 

itS. S I COM I MOy^fAC-PV^Ii, EfflTffi^Mi^^^MS^f-v^WiS 

WffnmzmffLx , MiMo^*;i^N s fi<7) rnwr^-Kj 

[0042] 

ii"P*6fflSilTV^4H!/l— Tl/-hrJ»n-;W4, HttSMHRflMl (frequency div 
ision duplex) (FDD) i/Xf &tffcIfriHBIMI (TDD) i^x^ t fcttfflTTffi 

Tft*. TDDyxfAto^tii V'yyv y^ tr-yrv y^im—^mm.m^y ¥ 
y7Zt<D^^>vm f &\5.. wjy^tmmcov y^co^-rti^xsm zti&>u n«y 
im^hmmk^y vzmm txa o . m&s y^—^y^ts jt^/w^^s&afcWK 

[0043] 

H/P— ri/-hny hn— ;k&flj{4M#C s I MiMOy^f Afci^cs I 
M I MO^r-A<?535C6-fcffifflWrft4. ifi^f^fifffliSfcTvruy^Sr^Vfcr 

[0044] 

at, H;i/-7i/-f3yhn-;i/gl^, S^cs I tdd mimo-ofdm 
y^fAt$>SWf^ff^*;HIyXfAt-9^t J: 0if*l(=KHB^6. fBWfc 

[0045] 

I . TDD M I MO-Q FDMi/XfA 

05 tt. *»<0JL— ?Sf$ (UT) 5 2 0CDmm*y-#-h-t&&M<7)T?*:Xm y 
h (AP) 5 1 0 £1tf~SM^WTDD M I MO-OFDMyXf A5 0 0 SSLT^ 
4, jtfilt-f- 2^<7)T?-feX;J<W>"l-5 1 0afcj;t/5 1 0bO^£H5t^ 
LT^S. T^-trX^ yM4£;t, SiftJS. <-Xh5yy-^*yXf A, 

r^mcommxw^tixhxvK j.-^mMm < &xh^^jux-hx<. ztib&te.* 
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r^-fexs*. mm. jl— rw® (ue), Migas^iif^Mis-c-^snTtJ;^ 

i o T i iUft?) T ? -fe X #"4* >" T» f: Mftf h Z t tfiV § * . S'X r- A 3 >- 1 a - ? 5 3 
0teT7-txm >h5 1 OfcSttl/Cfe'J, Zti£>cr>T7-tXtf-1 yhcDmm&xu? 

[0046] 

H6(i, TDD M I MO-OFDMyXfA5 0 0T-ffiffl"BIfg^M^7 U—A«jt 
600Sr^LT^&<> *r— ^MfllSTD D 7 1/-A^fj?4t, *tf>#*««5e0>ll*IB# 

(Mi(f2Sij#) fc2Ui. #TDD7i/-Ati^-7y'jy?fifflt77ry^fiffli 

N /a-K^^^hft^ (BCH) , y^v— Hnybn- /i^-t^M^ (FCCH) 
(rch) feit;5y^r?^f+^ (rach) 

[0047] 

?~^>0>7i±I.mzto^X . BCH-tr^>b6 1 0jffiILTlO«BCH7nb3 
;Pf-^a- -y 1 (PDU) 612 ^JUiflMB^-f n >y 1 6 1 4 s MI M 

O^Mo-y 1 6 1 6fciy"BCH^ >y-tr— 1 8^t^l. t Swl^ u>y Hi^T 

i-ZM*l / zm%n*%&£olzTyf-i-Zbl l zm%&W3iz3—Y : Z^LT^&<, M I moa° 

-fu-y H±^*/Wt5£fcteffl3il&. BCH^ 7t-y'liyXf^^^-^^i-f 
$kMzii.z_h„ FCCH^yh 6 2 OSrfsOTLT locDFCCH PDU£3J|fI-r& 

ivrvruy^^jiJXBff^-H) jl— rw^^^-uv^fctfeis. fch 

■fe^ y 1 6 3 0 Srffiffl LT ^yjy^t 1 O^LbOFC H P D U 6 3 2 SrMfl-r^ 
. I^^-^r^FCH PDU#£SWC&S. W^tr. FCH PDU63 2ali 
X^rT— (steered reference) 634a b^r—? J^7~ -y 16 3 

6 a t *-&AX"$5 0 , FCH PDU6 3 2 b[if-^^7 16 3 6 b«AJt/,tl^ 
4 . Xr7- HSiPii («3*tf) ) ^eDJSMlffi-^- I'TMflSft&y'H' n >y 1T& 0 

[0048] 

TvTU^effltfcVvttt, RCH-tWyl64 0JffiIU777Uy?tlo 
I3Lb?5RCH PDU64 2 *3£B«. TTWRCH P D U «> 4fcJEfc»rSS 

Tfe-S. Mtlf. RCH P D U 6 4 2 alif-?A"y 7 16 4 6 a«^^ >5 . 

RCH PDU642b J£X-f T— 1***6 44btf-^^7l646bt Sr^/CC 
RACH-b^y 16 5 Oja-fS*^ffifflLt, ^X^-MCT^-teX U T-y 
/'jy^tya-h^vfe-y^IS, RACH PDU6 52HRACH Wyh6 
5 0T3£fIWC& 0 s ^-f n >y 1 (Mxl&f7- IfflS) 6 5 4 fc* -y-fe— 5^6 5 6 

[0049] 
[0050] 

i . giassa 

M I MO-OFDMyXfAtO^T, T?-teX;i?--f > 1 fc IFSKISI^-^ *;WE 
keKi;^SJ;5^:l-fe'yl^ J r^/l'j£mf?iJH_(k) fcioT^Sr^ftJotit 
i±<. <r^*l-^Ki±^:aa-f7'7\>l'(7)-fc:'y 1 (Mi.fcfK = { 1, ■ ■ ■ N K } ) 
1/0*4. ft*H}&ayS>l'2r^r-rSTDD MIMO-OFDMyAfAC^tll 
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h (k) t^\>h'koryftri/-A*^ryftri'-BA,ofi'*/i'Mi 

S1f^l*StT<f^4*&, fflRf-v*/H4. 71/-BK71/- AauoJBR36*H t (k) 
[0051] 

, T^-tex^yMcE^S rSGEaF»j T^TU V^f-^WHSFJL; u P (k) <50 

learfc o . -t^h-h keKt^ia %-_h c d n ( k > = h_ t c u p < k ) -c&* . m 

[0052] 

^yjy^fcrtSWt, M I MO^^f o>y Hi (flRRif BCHWyh 6 1 Ofcfcft 

a^KZE^^yUy^^^^JtE^HTc d n (k) «JtS*»4ifc3&fT?-S4. a. 
— ifSB*J4, 8SE«f»T v7>J y?f-ir*/WHSr£ir c u p ( k ) =H AT c a n ( k ) 
fcJtS&WT*4. 9-'S*tt-^y^>Kkrt^H: c u p (k) 

lUW^^WMlW ,forkeK 
[0053] 

r:?, IT. p (k)li, iTc u p (k)«Sit^bM)(N, p XN. p )a 
-^UffWC*«J, 2~ (k) J4, 1T C u p (k) (N a p xN u t ) ttftft 

mX'fo*), v: u t (k)(i s H: cup (k)^@f^b;^(N ut XN ut )a 

[0054] 
[S3] 

[0055] 

iit, r* , t ( k ) feitAT* a P ( k ) ii-ftl-ffU H\ d „ ( k ) <7)£H 

. «FSffi4MW±. r iH»ftft:B XXSZCOIfcm (Linear Algebra and 
Its Appl ications) j (7)>fS v^7'l/X (Academi c 

Press) , 1 980^) dfcWt, Gilbert St rangCinTIHB^ 

[0056] 

at* (i) (2) t5ss*iTv^ftJ:dt, — #e>y y^^aku^m^^ v 

fiWLTa P (k) jsitfV.^ t (k) (4, ffiiBKI<?5fe«>fcr^-fe^sK-f yhfeit^J- 
V^S. fi^iJE: (k) (4. -9"7VN>h'kri:t^^JtB^fi : ^liL(k) co^fS^^^JV 
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[0057] 

^mimmi^-y^yvic^tco^^mwm\ir c u P (k) izMLxmm^ 
) ^tcowmmmmz, {<? A i (k)s<?~ 2 (k) s • • ■ s?cr N s <k)> t$r* 

4 -5 tffi^iJ-TSi fcj6*T& . >iw*^if y^'y KkCout ( k ) iift^Mffift 

o . s ( k ) im'mmmmgx'foz. . m^ms: ( k > r t o^msaisg 

Mafi^Jir (k) fciyT (k) cDERp^ (-J-fcfcfcW) i>£ 

#^to^T, ffjos" (k) cr>m.±mmmm , ^bmm-t^hcr>T:-hh, N s mcom\j- 

[0058] 

*f'S*(±. (CTi.(fia60RCH-fe^>' h 64 O^RACH-bWyh 6 5 0C 

[SB] 

I w -(*) = v,, B (%(t) , for * e JT 
[0059] 

iiT, 2Lu p . . , . m (k) 14. Xr7- t^»«!Sf «if F mWfy'^'y 
FkcoN u t ffl«^-ifS*r>-T-^3&^jI^n./iN u t m<r>^y^r'}V<r)^ h)VX'fo*) 

, v~ u t , m (k) {4, -9-y^>h'k<7)^iJ\r u t (k) WmSacoWCftOs 
r'V'u t ( k ) = [v_\ t _ [ ( k ) v^ u t 2 ( k ) ■ ■ ■ v^ u t _ Nut ( k ) 
] Tft "5 » p ( k ) li^-y^y VkTm^tl&U o >y h ^y^tr*4. 
[0060] 

ft^S £ t S . IS^M^- F r £ «Xf7- F£¥tt * fcfflfcZ) O FDMyy 

[0061] 

UR4] 

£ w (^) = Mcup(*)y rt ,„, +*„(*) 

, for k & K 



[0062] 

r UPj sr , m (k> xxr-FS^^js^tttia^-Fmo^^'y 
FkcoN a p fitor^-fex^M yFr>"r-^TSfi§ti./£N a p m^yif^vcn^ h)V 

X'fo*). uTa P . m (k) {4. -^7-AyFk^T?iJU.~ a p (k) <50m#g<7)?iJT*c5 0 

, i«0*^ir a p { k ) = [ U^ a p , J ( k ) u7 a p , 2 ( k ) ■ ■ ■ U^ a p , N a 

p ( k ) ] 0 . a A m (k) «4J£^liEI* ; £-Fm«^7'Vs>Fkco#Pfflft5E. 
^h-hW^TT ( k ) cOm#a<o^S3irJ> 0 . nap ( k ) (4. T-y/'J -yfWfrt 
yVkCOmmt&fcfi^^M^ (AWGN) tJiS, 
[0063] 

SM (4) t,z^tix^&£ot,z^ Tftxm yhiz&ux, (JBW)*^) Sfl^ 
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■rr-KK*{i{ja'u_ A a P , m (k) o" m (k) P (k) foTT^W^f 

m (k)fc4V'cr m (k) <3;R#*>«J&fc#*£ 4. JOTJSB^rE-Km^V 

7VS> Kk«ff A m ( k ) <7>tmo~ m ( k ) tiJilTOJ: 3 fc^-fi i: 5 . 
H8B1 

= llr^Wf =£i ^.-.i(*)l 2 > for * and me J/ 
f=i 

[0064] 

iiT. II aj liaO 2 J )VJ*£fo *) . r up , sr , m , 5 ( k ) i4<? WW^ p 
, sr , m (k) <o i #l<0S8Rr* 0 , MJi^lfiffWroW^-Hco-b-y hSr^LT 
fe"9. WiWM= { 1 , ■ ■ ■ N s } T^S, 
[0065] 

aatWfi ,; E-Hm<W^'C>'Hk^)u: a p , m (k) «t£u_ AA a P , m (k)li 
OTO 4 3 tc^H-i t & . 

i.(*) = E w .(*)^ a (t) , for Are K and meM 

[0066] 

u~ ap . m (k)io±W(7^ m (k)«^7Mi, ztihimmwrnm. -t^t> 

x *M >■ h K «t o T # ^ ix 4 Jft^Tft S i t * ^ L t ^ S . J^^H^ - N* r fc <7)X f- 

iHr^-Krfcfcse^-rT-KaeptT^t. ± ^iew^s^u^ P , m (k)& 
«t v<7 ~ m ( k ) ; t & . 

[0067] 

fs 1 14. SSOJEWSSII**- b'T^x-^jlftfc JtfSSftfcowrr? -feXsiM > h 
[ifel] 











i£f* : 




jx — Hf' 


sra : 

I dn (A-)=2 _1 (A:)vI t (A:)r in (A-) 





[0068] 

aiC^T, s_ (k) {4 (olifI«-C-^)^>^V-yh°y^>^#^tlyt ) ^Hs^tf 
ftf/PO rj^fg j ^?M,T*9, r. (k) {4 (gft«T-^OFDMMJIf*CC#^ix^) 

9tmisy#Mo r sftj <^ wiz-cfto, s: ( k) {4 (%mrnx*co2.m*&mtznt>ti 

tz ) h)V s_ ( k ) coftST* "3 , £ V k 

t <nv$>&. l\1xL>cr>«.? hJW)Ttt£J& t r d n j ti 4V r u P j li^n^tL^y U 

y^^i^T'/Tyy^^Ui^, gitfc^t, s_- i (k)«, s_- * (k) = 

diag (l/tf, (k) l/o 2 (k) ■ ■ ■ l/tf N s (k) ) fc LtS«Stll>>rt 
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[0069] 

fflLT, KlHWSffltf*-^ keKfcSriidfcuT. p , m (k) JfgittfT 
fiWU~ a p ( k ) ^N s Wl"U~a p , m ( k ) A^-W^KONg 

m^&ivm&v >?cr,i&co£fcmmz£~ox . ^/^>Kkr^fT?flu~a P ( 

k ) con s fflc^? h/l^uTa p , m ( k ) {±ffl5t:(0£i:!Sr*Tfrffitttt=SfV\ 

, ^AyHkrteofMUT. P (k> ?>N S ffl<7)<? YMi. QRHfciWK. flS^MS 

[0070] 

p . m ( k ) t4UT<7) 4 -5 Kfrf ,1 fc AS'C* s . 
[*7] 

r^,mi k ) = — — 71 > for£e/f and me¥ 

[0071] 

[0072] 

( k ) iilXTco 4 o izmtz t & o 
UR8] 

/*-(*) , for ft e if and m <=M 

[0073] 

r;t, P d n. m (k)(4, y U Fm«t7"n> f k Cit 

LXT?*xffi3iiz£~ox&mzti&mimjiTfoK> . n 0 , u t t±a~ rffifcTost^ 

[0074] 

(7) fc«tv (8) iz^znT^&mz, ^a^mwrn^-v^r^y^zb 

«SiSNR, r m (k){4. (cf A m (k) ifciitf~ m (k) f-r*/W(f» 
, fi»t7orN 0 , feJ;^m«7JP m (k) tMUUS. SliSNR{±«/7^ 

-9- 7'V s> h 4 tPBW^e - H fco ^ T o T i> 4 v> . 

[0075] 

127 {4, ^KWTDD MIMO-OFDMyXfACfcttS^yyy^fcitXT'y 

7° u >- ? <7)W.m.<r> ttvmmm^^ - h tMMfcaf — 9 * h u - a * jiit -r s^rntx 

7 0 0<^7n-H*3StT^4. To-feX7 0 0(4. «jE{4fS^Hfi$^Tfe 0 . 

^yyy9&£VT'v7°vy9^^^)vmmm~K<7MW... -r^h-hir c u p (k) 

ITT c d n (k) Xhhb-fh, rn«7 0 0K^t, *;M£5eJ4 7' "n -y 

? 7 1 OTHfrSfU jMfl^-m^rn-y^ 7 3 0-C*fr£*U r-* jMli/Sft<4 
7'u 7^760 TUtrSiil. . 
[0076] 



(22) 



#^2006-504372 (P2006-504372A) 



f-Y*;MtS(c-3V^Tl4, rm^ybti^y'J^t (MilfB C H*C) MI 
MO^^n-yb^SitS (Xf777 12) <, jl— tfS*(iM I MO^M n >y F £^ff 

(k) (Xf777 14) . ^^T^-ifffi*{4KiE^T-/rU>'^^- J r^;t'JSG 

**lTe u p ( k ) =iT T e d n ( k ) fcflbgU iT c u p ( k ) ( S 

VD) ZmfiLT. IteU 1 ) tewZtiX^Siitt. k e Kt&SJ: o&ftftX" (k 
) £4tAT u t (k) £f#& (xf-yT7 16). ij(^ta-fS*ll 9&£ ( 3 ) t: 
^S*iTV^4i-3fc» kGKfc^riiaSrffMV^ t <k)£ffifflLT. (WiifRA 
CH^-RCHt) T'/TUV^^^T-KS^jlift-rS (^T777 18) . T?-teX 

Si 0 *ffW2T ( k ) tAJ~. p ( k ) £f#£ (^f777 2 0). 
[0077] 

— Krfctc (S^JK-F^-^-FSr^rrS) iSfTEr—F* (Xf7/7 4 

0) . 3Sfi*-HaH?tov^Ti4aTWBW4. &v ^j.-- - H^'-y ?fif$g 

774 2) . (Xf777 1 8T''M«§fL7tX^T-KS*(it3ti-^S*tCj:oTjl 
£>*ufc 7 * - F^ -y # £ LTES i t £ o ) 

{ICOJE^lfflr^-HcONs flfc^alHI*— KSSBW - * (Xf777 50) . T^-fe^*.° 
>- F (4 § ty lz s jl— f iQjfcfr t>%m% tit: y 4 - F ) * -y 7 fit Hi „ m'JV 
?<7)N S ftOJEWWHl**— F<9N B ffltf>j£|ff£— K*aBWN& (Xf777 52) „ s 
WC\ (PRIfFCCH) W>"Jy?fcJ:tA'777'Jy?«j?( 

^isKjeaHi^-Ksau. (^77754). ^--^TOiwyy^coiM^m^-F 

SrSfrTS (Xf777 6 5). 
[0078] 

8rmfctJ.fctf3QSIU (2)^1 CSSftTH* J: at:, f-^ Wl'ij „ (k)£ 
ffMU^« a p (k) T^SMHU keKfcfcS±3&S^'^Wkx J i n <k) *» 

. ( 3 ) hjixd n ( k ) %mm-t& (xf777 62). ^— 

*14. ( 1 ) ^yVy^mm^HL. (2) £*Lfc4jfc^lte3j*3:ftXV*6J:dfc:, 
Sff<? Wtxj n ( k ) * ST- 1 ( k ) V a t u t ( k ) * rt^ U >7'L. k 

£Ki^j;3 3r<? F/ksTa n ( k ) £f§, ( 3 ) jJ^y'J ^^EStflMt- F r 

4) . 
[0079] 

TvTVyty'-fmmiZ^Tte. JL-lWt*t4. ( 1 ) TvTVyffc^ttmtfi* 
- F r £ . HEIWIIW* - F fc*f L TjffiRS fufciSfi* - F (c« otf-? £$HH t 

tjitxssiu ( 2 ) r-^? F/t-s^ p ( k ) £^jv; u t ( k ) -cmsmmL. 

keKtil,j;3^Sf^h^x up ( k > (3)^ h^x, p (k)£7-y 

7V>?T&fet& (^f7772 2) . T^-feX^>-F{4. (1) T -y T 0 > 7 ilft 
£«®U ( 2 ) Sft^? F/Fji u p ( k ) 1 ( k ) U~h a p ( k ) 

A JV9 V y? LT , ^7 Wl-jLTn p (3) 777'J V^JS^iillW^- F r 1 1 

SK^tl^Mff^-F^^TllIffi^y^SrfSllfeiWS^-^S (Xf777 74) 
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[0080] 

07Ji. {fJSWTDD MIMO-OFDMyXfACfc^T^y'Jy^fciy'T'y 
[0081] 

■feX8 0 OCD7U— HSr^tTV^. 7Dt^8 0 0{ill7<7)AT--/7°7 4 0 t 7 5 Ot= 

&mxftw>x*—Mzm^^xwjffimw! : g z E—v<r>N F m^y^y^iz^w^tih c 

[0082] 

a>k aywmxmmmj) p m ( k > ts ± t**-v on a m ( k > t , ( 2 > wmtcij 

f74ft*7nTN 0 fc s (3) KaSttaBHr^-H^SNR^-fevhfctea^JV^TtMt 
%ti& (Xf778i 6) . IM^SNR^tWfciov^TliflBaW*. ifcv ^TaflKrJffli* 

"r-ylVt vca&IR3*i4 (xf778 18) . JES^H^-h'rtO^M* 
fU~y°mmt,zX^xm^M\.ii. (M£lf. ^W:^I^f-?^-^^:) DWSfiTt J: 

^ (Xf77"82 2) . ms<7)A^vTco&*t,z^\^x);jrFmfflizMty-t& <, 

[0083] 

a. mmm^- v^m^m 

[0084] 

(cfiJ^T A-ixT ^4SHl*fc P m {±lXF<7)=fc -5 t 4 . 

HS9J 



[0085] 

a*«7J-53-ffiX^f-A^fc^-C. ^iHft«7JP t „ t a i II r a*(wate r-f 
i 1 1 i n g ) j r^ 7 J< (water pouring) j ^JIIKtcS^Wt N s ffl 

=fc WFI^^Tjfifa (Information Theory and Reliable 
Communication) j (John Wiley and Sons, 1968 
CiJl^Rob ert G. Gal 1 a g e r ),Zj: -oXM B M^tlXUh . N s fflOJS 
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[0086] 

KfeitfmeMii^rSia^rS^iSNR, r m (k)fcX-?W£\ N s N F IW/A'y 
K/lfflfiFE-FteiriI3*l4. SmSNR. r m ( k ) I J. ffc£ ( 7 ) tJitf (8) fc* 

-Krfc^DUSJe^jP' m (k) TMbS. ifc^T. #J&»H«ltf*-K£M3T6;ft. 

^aTV^^Bjirnm^P' m (k) *JiiJW*i4:tcJ:oT#^4. 
[1*10] 



^=1,^(*) , for nzeJW 
[0087] 

&2<olSiBB»fc:i3<.vt, ^iimm^Pt 0 t . i «4. n s ffl^jSv^JSiawt-HtSt 

N F fflg<WV < y V Ogfl S N R 1 OT^ J: d fcif* $ ft £ . 
[Sell] 



[0088] 
[0089] 

sNRfcafr?vvtaii3*u. i^njfem^o^T, ^Mfim^p t „ t a i laa-rN 

jinmXP-- m (k) JflitS. *^*/l/50fiflL «ftSNR«#j£^ISW^-K(7) 
-FCDl-ocDyy^yW^mSNR^ r- • m (k) {±, (7) ifcti (8) 

[0090] 
[0091] 

H8©Xf-y78 14t-3UT, #J[S^ElW^-Kt«iJST^tiTV^^I«^iP m 
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[0092] 

mx^tix^^mmmtiPm (k> ajar*)* a fc^$-£ *. 

[»12] 

^(jt)=-^ , for ft e is: and ra eM 

[0093] 

Rii^'^V F fcifcjt . 
[0094] 

■f-Y*Jl'KJC;**-AfciJVvc, S^ffl^-FrttfOiSfitt^JPn, «iN F 

tctJWt, <? m (k) liftfe-f-^r^MHW^LTiiO, Z.iiX±lf*7WV90>ts'' a ( 
k) t?77'jy?Ocr A " m (k) fctSfUv, f-Y^RI6X^— Afco^T. iBUfc 



K =-jr r , for meM 

[0095] 

=S-^««ia*^-FcO#H?-y^"yF^fiJST^fLT^-l.ilfi«^P ni (k) (± 
lilTcO «fc o fcttJt-^S i fc & . 
[»14] 

p w (ft) = m 2 " , for A e and meM 



[0096] 

iHfi^jt^ Fw m ( k ) (iOT^ ± 3 =&e##ih3fe- F<7)^7vs> f r £ Kfrtt 

[R15] 

W m {k) = Jpjk) , for iel and meM 



[0097] 
[0098] 

£*-f-&i<W&&„ £«9.X*-AfcoVva±, ¥^«*fiJ#g m * 1 'i-r. lilT^j:3tc 
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[»16] 

1 N " 

[0099] 

A = — 1 — 9 for m e M 

£P/<^(*)] 

[0100] 

H^-KcO^-+>-y^>K^fiJ^T^tiTV^JMfiS^P m (k) li&TW i a 
[»8] 



0 , 



if <Tl{k)>P m g a 

otherwise 



for A e AT and m gM 



[0101] 
[0102] 
[0103] 

c. gaaaBffire- h r £ ^fre- Egg 

#SN RiiJ/yfffcMr^- K ^jMmt g^l * * LT H 4 . Wt S N R^jS^Wft^- H 

; -6 o aT^mm^a\^x , s nriit^ < a b j amst-^*. . 

[0104] 

IMf^- K^7VS> KtfDgfl SNR, r m ( k ) (iMMT * £ . JE^iSllW^- H m 
<7y*)r f) ^Kk co^fi SNR. r m ( k ) tmTco «fc o t trff-T £ £ #T § 4 <, 
[»19] 



Y m (k) «= 1 0 log 10 ^ W j , for*<=i<: andmeM. (dB) 

[0105] 

J£#«ffl**- H r fc fiDS&ff SNR. r op , m tt, &Ttf> j; o (c. ( MS&tfiB** 
— FO+rT/Ay K^ffigmo<7)3:flSNR) - (1&E#J$@*^— KiOSNR^-te >y 

[$E20] 
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for any A: and me M , (dB) 



[01063 

r m (k) . r 0 „ , m fcJ:tfr 0 P , m li^-CftsC (19) fcj;!/ (2 0 

[0107] 

t coW)f? SNR, r op , B *JaT^J: 3 tlttM"* 
[&21] 



ft S N ReOiMROWSrC* 4 . 



-F (-r^-fe-r-^Mft^L) tfcS. frlftK-HSfl^-Hi. FJrMcDtttgF-^ ( 
«itfl%PER) &*B)4-r4<7)^S^Se/hSNRfcMjS-r4. ^fiv-Xr'.M;: 

lit ^tk— f ? fix w h 1 4 mcomm^ - f com^w* -v f * jp* lt & o , ; ti t i ± 

ilft^-bMy^y^XO^tl 3tC±oTM8«IS^i. #i*fTE:-FW:. #7i-y> 

S^i-^TiEffi-ftSnT^^T-'-^U-b (-fSrfcfcflWIitf-y Fl^-F) tzW&LXH 
•9 s 'Vl^y&Jt 0 <59tt#c7)t <y F3MS (bps/Hz) T-^-X. . jfcfs^— F r'fc CO 

So ^2 coiMfl^E- F r cr> a- F F ts J: tX^ilx^-AJiM^^x xAOlSIt^ 




(dB) 



[0108] 



[0109] 
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in ^ i 


7,"<? bJl- 

flm<:/R7""\ 




mm**— a 


j&W S N R 
(dB) 


n 


n n 

\J.VJ 








1 
i 




1/4 


-1_>-T O-Tv 


x *o 






1/9 


RP9PT 

■Dr OK 






1 0 


1/7 




4 9 


4 


1 5 


3/4 




6 8 


5 


2.0 


1/2 


16 OAM 


10.1 


6 


2.5 


5/8 


16 OAM 


1L7 


7 


3.0 


3/4 


16 QAM 


13.2 


8 


3.5 


7/12 


64 QAM 


16.2 


9 


4.0 


2/3 


64 QAM 


17.4 


10 


4.5 


3/4 


64 QAM 


18.8 


11 


5.0 


5/6 


64 QAM 


20.0 


12 


6.0 


3/4 


256 QAM 


24.2 


13 


7.0 


7/8 


256 QAM 


26.3 



[0110] 

- h ilft*- FtfH: v F fc S N R£rtB'lfi"f~& £ t h . 

[0111] 

fifflFWTE- F r k CD«J# S N R s r o P , m i±)V 7^7 /f- 7'VKcffift§ tiT 
t i < , * LT£*UiKfifflH*B*PE- FOitfTE- F q m & . £ OiMft*- F 

r r e q , ra ^r 0P . m ) tSr^rrS^-bjUm^-F-Cfc-i.. 1^-oTyl- vPT-yy" 

^l£r-^-F£»r&. 
[0112] 
D. MffgjjQBf'J^-C 

08coxf-./r8 2 0Co^t, S^HW*-Frt^}iifiMli«^^^»j;t/'B 
[0113] 

• T^x^^lS^EI^-F-^OT-^ly-h^^^iS^iiia^-F (ihSr 
;b*>. *2<Ol3&»A> 1 3c7M yy-' y^X^W^iifi^-F) , 

• «afa/S^iill1r*-F-«^-^l^-F^*-f-|»iS'ffl : lill**-F (-fh^ib. 4 

yf-y?xi 3 2-^rrsiMfi^-F) „ 

r^KMaW^-F (-r3r*>%, 1 1 2<?)>f Vf7 ?x£1tr£}*frE- F ) . 
[0114] 
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t ("t**)*., ^^^trO^iMfg^-btovvtr o P , m <-l- SdB) 
[0115] 

R« r r e q . m r r „ q . m Sr„ p , m ) kmm-t&« %rT9^r<y*im 

^=^^ L . for meM 



[0116] 

sJ-^SfLT^iZEWI^fir*— Krfct-tfn (P r e q , ra =0) te^U*. 
[0117] 

m%m>hmi3j;K>*;%^pmxni}m.Tfo& (-r&*?*>p e x c e s s , m = p m -p r 

i: 

[1*23] 



[0118] 

AP excess «lomitfOJ!S#JSia*- ; £-KtB^ie^-S«Ii:^"C#. 
[0119] 

C?D S N R7- yy^StftS -I t S „ 

[0120] 

e. 

®*j3^-y hx^-jm-^OflfWWWir*- FT-gfiSix-l. t . ^/l— Ttejlflt- H 

mmzmimmm^- v cswws . siwMi: t t . stt s n R^K^ti^tfiis 
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[0121] 

II. M I MO-OFDMyXfA 

EI9 A{4, IJIJtj^JTDD M I MO - OF DMi/Xf ACijltST^t^^ V h 5 1 

o xfc xtfij-— tf's* 520 xcDnmmm&yv -v ?h£^lt . -trx^-r y f- 

5 10 xii@5<?)T^-fe^-f >b 5 1 0 CO 3 ^£0 1 0"C3b 0 , fffi* 5 2 0 xli^- 

r^-fex^-f y h 5 l o xiiia 1 coffin not-SiO, ^— fS*5 2 0 xj± 

«fiHl 5 0-C^l.o 
[0122] 

*sf-^V-X9 1 2^^>TX-f'-^rn-fe'y-tf9 2 OWlffiSii. ;rtb5t7?f 
-?£N C fflc^-^XMI-A (ZZTN C >1 ) ^zm^W^Cth. h5b7?f-? 

tioco^-^y-x) , m^miti&mb L%<zi>^\ Mct^^fec, io« 

f-^V-X9 1 2<?V*£H9 A|:^f„ TXf-f7n-b.yt9 2 0ll #f-?Xh 
'J — A t: - V U -Mzn Lxm¥^td-zMt^- H Ct^T7 * - v - y Mb, 

-5-ft.-?;fU 3> fa-794 Otcio-CJjgfft^ii&f 1 — j'tz-haybn-^ Irf-ft^ 
0(iN c fflOX^-Uy^-lt^Pl^y^VkXhy-ASrTX^ralrn-fe.y-if 9 2 8tffif4t 
[0123] 

XN'J^SrN, p HcOjIff -y h (TMTR) 930a-930a P Cgfttl, o 

£ff a <, B#sp B iMft^w a-^t- >r ( s ttd ) /N->-f * t,zmm-t& z t & 

^ra^S^CO^^^^P^a^^ 1 fc^ UV^ s #3*fi»i- -y b 9 3 0 (i^COMff^ 

y-ftn-x y >; -a o f d mm*I£ Hfi 1 L , WJ£t~l> ofdm y y -fc>vx h y -a £■ jgffi 

U ifLiiS^fcMaS^T^tflfi-f-Sr^^-.So ^LTMfi«J--vb9 3 0a-9 3 
Oa P K«N a p meygmm^i^tl^tl, N a p »ryft932a-93 2a P 

[0124] 

JL— tfffi*5 2 0xtfc^T, N a p flMWjflfift^«N u t (I«7yft9 5 2 a-9 
5 2 u tO#^T"^t£tU #T>-T"^^(?>^ffff^-J4M}ISfi«-3---y h (RC VR 
) 9 5 4 0)l«£tl&„ #gft«^---y h 9 5 4<±^)SfIfI^-£!J!ffiii J; Vr> 

•SXh V-J±Zmm-t&<, fila-7N954a-954u t{2N u t fi^ft^*' 
;U h y -A^ R nrnt y f 9 6 2 Cgffi L , itUi ($Ji-i£\ ^RU^S-ftf^ 
Tfll^SnT^SJ;^) jg^jMffX^-A^S^V>TSP B l»I&llfi-r-S« RX5 
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>h5 i oxtcioTSSfiSrtJfcNc m^wm^y^vxv^-^M^x-hh, jjcv^t 

tx^yb5 1 OxtCfcUT, TX5f|7n-fe'yt9 2 8fcJ:^TXf-^7n-t7t 
[0125] 

N 0 , u t %k*<7)i>COTfo-o~<:l>£\^. RXf-^7n-b7t9 6 4{S#Sftr ; -^^°^ 
>y h nx^r—fA Sr»t£ i t a&*TS S . f-Y ^L-«5£f§ 9 7 4 fcilf'RXf-j'/O 
■fe-/^9 6 4*^gfS$tl^«^(7)^^rotfffitcS^V^T. 3yln-7 9 7 0(l ± 

*l6««»-&*rtf*-£X,-CV*T i i V\ 7 >f - HVS -y ^tlilJTXf-^7D* y^9 7 

8tJiVTXSIBrn-fe^9 8 0fcJ:-3T*Bl$<t, Xf7- K^PfcJ: -sT^S-fL^ 
ix, JMft^->y h954a-954u t fci-pTlWfi^fx. Ty-fT-9 5 2 a- 9 5 2 
ut^U7^tXW>15 1 Ox £38(13*14. 
[0126] 

7>ft9 3 2 aH9 3 2 apTg<IS*U ^fiftU- v b9 3 0a-930a P |;J: 
-3-ClWS§tL, RX^ralTn-fe.y-9-9 3 4*3j;tJ f RXT f -^ro-tr-y-!f 9 3 6ti-oT^ 

, 7^-K^-.y^ffifg(irjyhn-7940^M*§#i. ^.-nfffi^S 2 0 xtciS^iifc 
N c fflOT i '-^XhU-A^MII*n>'hn-/t,-f-^>7^tttffl$fLSo ffl£(4\ #y-7 
y'jy?f-^bij-^f-?i/-l. ^IfciUVWti, jl— if 5 2 0 x fc 

«t o Taareftfcsas*- h ta^v ^jktWt&s . ssba c k/na k ^fgm lx 
, jl~*w§*5 2 o xc k^xmm.m^tifz^~9^y h<D$&mmm£tn$mftm 
m^-ttt^mm-thzt^x^h. **HSBfcoi,vcii. m^m^titz^-^j^ . y 

[0127] 

^lffi#tHl±ayfn-5 9 4 0{cS«£:fx. (^tiotl±J--fS*«it7n 

t*n 0 , u t N yvyvy?<mtsvx't b&ma-ri>tiib£.imzti& . 

?y 1D-594 0lif-^l/-l3yiD-Mf- ^V-X9 1 2fc it/TXf-^ 
7n^7t9 2 0CSfttl, o 3yin-5940(±Ml:, W-^-ffrfe .fctfSEHa y h a 

^^)v^m.a ii/iMfi^- Kaa^i4Jij*<?5J: 5 icsiffBrflrc*&, 

[0128] 

r7>-ba— 59 4 0fcJ:V9 7 0 Ji^ix-fix, 7m^-f7N5 1 Oxfciy'a-f 
mM 5 2 0 x<7)IJ|f££ ^rfr-Wt US. ^ : EUa-7l942fej:y'972 l^ilffl^ 

AW* . 
[0129] 

I9BI1 TvT'J>^ilificor^-(rX^ 5 1 0xfcit^--^3SS*5 2 0x£ 
LTV ^--ifS*52 Ox(4SIl<7)51fiSl 1 OXfc*). T9*zZ&4 
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y Y 5 1 0 x(4SfI«6 15 0 X"fo h <, T y7°y iWSIIt- H 

jgtKfiiaio i 5 (cswrwc** . r -y ry yiwmzmthTt^KA y v 5 i o 
Vi-ifsB* 5 2 o x TeosHWffliaat i tix i ^ & j: -5 ts&frwc h s . 

[0130] 

BBBt-rifcftfc, ^yy >-^Mftcor^-fex^>f y v 5 1 oxfeiva-fsss 

[0131] 

110(1 Tt^XXA y h 5 1 0 x<7)Mft«gB^OMS®ffiT*-g»jIfi»7^X^ 
AlOOOoyn^^HliSUi^. ^cr>m^MMiz-o^X . TXf-^7Dtyt9 
20{i. f^f7^^t (Demux) lOlOt, N c fcOXyn-^1 0 1 2 a- 
1 0 1 2 s i:. N c mn^-\^)VA y? y— Al 014a-1014st, N c fflcoyy 
t^77t7^a~7 M016a-1016si, N c fflcDff-^X^-U y?3-~ >y h 
1018a- 10 1 8 s fc£#X/C^.i> (^*>^>N C fflO-r— ^XhU— A<?5#^tCO 
IR7 bcTxryrj— f-v^;W y? U— A„ y>#;i/V7 by?":x- -y hi> it/ft 
^-Uy/jL-yh) „ -r^t-f-T 0 l-?-<f 1 0 1 0lib5t7?f-^ (-f&fc^fil 

W-tfl 0 1 0(± s h7h7?f-WttN c I«Of-^N'J-Ak ttffiffi^ix 
[0132] 

#xyn— 0 1 214. (fiF^fcavbn— /kTSSSfUtv** J:dC) aiSftHHfcx 

tl.. ^T-^XhU-Afil-oiyjiiOT-^^^-y b£{S£U #f-^^jr7M±- 
*Wfc«8!lfcfiP^rt:$*U W-?^ 7 f^^. flr^tt-r-^iSfi^a«tt*' 

aB?flr#*fc**-At4. CRCftffL «S<WI"fL ^-sttfirf^ 
n-y^^-fE^r^ffl^^^^-C-^Tt i^. #xy^~ n 0 1 2*^*503- F 

f-y Mttjif^f^^/wy^'j-A-i 0 i4i l zmm^ti. ztLimfecojy?*)- 
ntx * - a (c*r?v ^-ptybs-f^'j-w. y ^ y - ttcjwsb* - h 

y h n-^j f y ^;i/>f y ^ u -a' 1 0 1 4 cgttti, „ JyfV-^m. n-Fb-y 
htffl, ffl»3R*j ;fcli3Hir-P*-a'-r -f £f£ffiir& . 

[0133] 

S-f-A^/M y^U— Al 0 14#>£><?M y^y — y^ftb'-y Fti-en-ftitfO^y^v 
7 b-y/a-7> 10 1 6fcig#fc£tu dfUi (^fWny 1-tr— /Wcko-Cj^SfcX^i 
i^t) jS^pX^-At^^T-^y^y-y-ftb'-y b^v-yb-y^U 
/k£JS*f-&. ^-->y M 0 1 6iiBM<7M y ? y — r-ffcb-y hcD&-t -7 F Sr^-by 
?"U B-b'-y FA-f-^yfB (BSD SrffMU §fet#B-b*>y Fffi£ s SfKSffflx 
^f-A QPSK, M-PSKt£(4M-QAMT"#>9. <T £ Tti M = 2 B Tfc 

h) izm^^x^i£cD3mi<'ytfjuz~? v^yy-tz,. ytfMzmwgmx*— 

Ate«fcoT^§*lT^Sm#EB(signal constellation)tCtJJt*aBINiTft4. ifc^ 

T"#^y^';i--e-yb°y7"'^---y M o 1 6^^liyy*7M4^x^^fi^x^--y 
y^- 7 M 0 1 8 fciSH&SfvC , £ tU^BW^ysK^* » keKiWia ^ilfl^ 

i^w m (k) t^y-'j^L. f Y^Rtfc i^ii-i^iiti . imxy 
— y y ^jl^l 7Moi8a-ioi8stiNc mcox-y— y y^^^m^y-^ivx f V 

[0134] 
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^KTSSBWC**. TX^HTcHs -y-f 9 2 8{4, t> L&*Ui'N c flicoxir-y y 

-A£t§tt-r&« -gmmm$m.i nzjp&ixx^h ± o tserrwc**. 

[0135] 

l^f-nh'J-iJ (HOio^CSI MIMOyXfACStS)# 
2 t , ^-v */W > ? U -A' 1 0 1 4 t . >y h°>"^^ •/ M 0 1 6 h , ft# 

x y y j/o. n y m o l 8 con s fflco-fe ■/ h £ ffiffl LT , n s fflcor- ? x h y - a 

^^^^^^^^^JSE^^iJ^O^TNc =N S =N a p SN U t £ 

MatT. N a p y y^^p^^x h y <r t s . 

[0136] 

lO«f-n h'J-ASr (gP^-C SI MI MO^X^AtcM-t-S. ) #MItT>^-h 
c7)^7VS>F.-T--3MfS-rS3limxJr-Ato^T. 1^3-/1 0 1 2fc„ ft^My 

? y — j<. ioi4t, i/-y#)V-? y ty/az 7Moi6t, fl-f-x^- y >7'=L=~ -y 

M 0 1 8«N a p fflCO-te-y h^ffifflLT. N a p ffitfDx'-^X h y-A (;;?N 0 = 
N a p SrMULT. N a p wox^-y y^«|s|^y^x h U -A 

S-Ifc^TSS. ^itTXWn-tr -y-^9 28{i#(C, iHfU^-JOkX h y -A t L 

[0137] 

^itf/*fcttffilSWBi£3efTU 7^-^Xb U-ArfcfcffifflSfiSM?!*-**^ 
j*ft^>'tf7P£#&. TXSPl7nt7f928li§^C, ^J^tf^flJ^S^ (TDM 
) ^F^S'J^S^ ( C D M ) £ ffiffl LT „ Pyb ^ytf'/l^jlfi^y^-C^M; 

N a p fflcDjifiv-y^X f- y — A 2r N a p fflC0iSfi«3L^..y I930a-9 30apt 
[0138] 

#i*fa»3-- >y h 9 3 0 14 ^mcOiUfi v>^X h U-AtO F D MJHI^lff L 

. jtjE-rssewa-^fcuew-* . ofd mjsiw:— en n f *m > h mmmy 

- y x^j& ( I F FT ) Srffiffl LT N F Moiift v y #;K04H= -y h * l$IH H > 
fclLT , NpW^^y^**** r ^#|j y>tf7P2r#S<rt (2) &$m>->#>i< 

<T>— gR^flLT. N F +N C p ffltfO^yr^Sr^tfOFDM^y^Vl'^Sii: 
OFDM^>-#';W4$^C3limiii--y h9 3 OtCi-oT^II^ixT (#"R(4\ 1^± 

^ry-o^-ff-f-^^^ti.. tifi^tu yjtvfv yy^ti. ^iMrvT^yA- 
b s*rc ) 3ewi#££jaw4 . mitffi^y^x^A i o o o<?M(rmhifc98&m 
T-fc y . ^wmmmftTfo & . 

[0139] 

3yhn-7940(i, y^fcit/T-yryy^coK/P— ri'-hayho- 

iO!fl) ^H^Sg-c-^So r-zru y^jSStov^tli, nyin-794 0J4EI 
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mtsPt o t a i , u P Sr. (mm. t?*x#j >h<&?"Y*/vfflffifca~ a (k 
) miR$s io46 nm^\ *>vzb izmtmmm^— h . ^ u ^- -y t- 9 

4 211 (Wi.tf*2t^SfLTV^6J:'3t) UtK- hMfl^fc- Y<D)Vv 9 T T-f-7" 
;H 048i3.fct^£«0^SNR£Ett^S£fc#t*S4. ^y'jy^sicovitis 
, nyho- 59 4 0«lfc^H8^Tn-feX80 0£||fi 1 U #J£^«{I1W : E— KWf:/ 

^> k r t tease** *¥Wrrs ^ t &x*% . ^ y u y ^ToMfiimc^ii^y^s- 
[0140] 

illtl ^-^'S*5 2 0xc7)gffS^^tftmiT*^»lS^7'^X^Al 1 
0 Ocoyn^^EISr^LTV^. T^-feX^-f yb 5 10 x#>£>ON a p fflcojinm^ti 
T y^-^9 52a-952ut X'^mZtl. &r>Tl~frt>CO&m{a^i±*:tl : ?tl<0&im 
m^-- -y b 9 5 4 ICS ffi§^X^» . ^mm^-- v V 9 5 4 {4^CDg«ft^£«J3 iXf*f 

-fS-^Mtu ixm>— A^fyr^Sii. ? t wyr/wio f d Mjioa^ iff 
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(57) Abstract: Closed-loop rate control for data transmission on multiple parallel channels is provided. An inner loop estimates 
the channel conditions for a communication link and selects a suitable data rate for each of the multiple parallel channels based on 
the channel estimates. For each parallel channel, a received SNR is computed based on the channel estimates, an operating SNR is 
computed based on the received SNR and an SNR offset for the parallel channel, and the data rate is selected based on the operating 
SNR for the parallel channel and a set of required SNRs for a set of data rates supported by the system. An outer loop estimates the 
quality of data transmissions received on the multiple parallel channels and adjusts the operation of the inner loop. For example, the 
SNR offset for each parallel channel is adjusted based on the status of packets received on that parallel channel. 
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CLOSED-LOOP RATE CONTROL FOR 
A MULTI-CHANNEL COMMUNICATION SYSTEM 

BACKGROUND 

I. Field 

[1001] The present invention relates generally to data communication, and more 
specifically to techniques for performing rate control for data transmission on multiple 
parallel channels in a multi-channel communication system. 

II. Background 

[1002] A multi-channel communication system utilizes multiple "parallel channels" 
for data transmission. These parallel channels may be formed in the time domain, 
frequency domain, spatial domain, or a combination thereof. For example, the multiple 
parallel channels may be formed by different time slots in a time division multiplex 
(TDM) communication system, different frequency subbands in a frequency division 
multiplex (TDM) communication system, different disjoint sets of subbands in an 
orthogonal frequency division multiplex (OFDM) communication system, or different 
spatial channels in a multiple-input multiple-output (MIMO) communication system. 
TDM, FDM, OFDM, and MIMO systems are described in further detail below. 
[1003] The multiple parallel channels may experience different channel conditions 
(e.g., different fading, multipath, and interference effects) and may achieve different 
signal-to-noise ratios (SNRs). The SNR of a parallel channel determines its 
transmission capability, which is typically quantified by a particular data rate that may 
be reliably transmitted on the parallel channel. If the SNR varies from parallel channel 
to parallel channel, then the supported data rate would also vary from channel to 
channel. Moreover, since the channel conditions typically vary with time, the data rates 
supported by the multiple parallel channels also vary with time. 

[1004] Rate control is a major challenge in a multi-channel communication system 
that experiences continually varying channel conditions. Rate control entails 
controlling the data rate of each of the multiple parallel channels based on the channel 
conditions. The goal of the rate control should be to maximize the overall throughput 
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on the multiple parallel channels while meeting certain quality objectives, which may be 
quantified by a particular packet error rate (PER) or some other criterion. 
[1005] There is therefore a need in the art for techniques to effectively perform rate 
control for multiple parallel channels having varying SNRs. 

SUMMARY 

[1006] Techniques for performing closed-loop rate control for data transmission on 
multiple parallel channels are described herein. Closed-loop rate control may be 
achieved with one or multiple loops. An inner loop estimates the channel conditions for 
a communication link and selects a suitable data rate for each of the multiple parallel 
channels (e.g., to achieve high overall throughput). An outer loop (which is optional) 
estimates the quality of the data transmissions received on the multiple parallel channels 
and adjusts the operation of the inner loop. 

[1007] For the inner loop, channel estimates are initially obtained for the multiple 
parallel channels (e.g., based on received pilot symbols). The channel estimates may 
include channel gain estimates for multiple subbands of each parallel channel, an 
estimate of the noise floor at the receiver, and so on. A suitable "transmission mode" is 
then selected for each parallel channel based on (1) the transmit power allocated to the 
parallel channel, (2) the channel estimates for the parallel channel, (3) an SNR offset 
provided by the outer loop for the parallel channel, and (4) other information provided 
by the outer loop. A transmission mode indicates, among other things, a specific data 
rate to use for a parallel channel. The SNR offset indicates the amount of back-off to 
use for the parallel channel and influences the selection of the transmission mode for the 
parallel channel. The other information from the outer loop may direct the inner loop to 
select a transmission mode with a data rate lower than that normally selected for the 
parallel channel, for example, if excessive packet errors are received for the parallel 
channel. The transmitter and receiver process data for each parallel channel in 
accordance with the transmission mode selected for that parallel channel. 
[1008] For the outer loop, the receiver estimates the quality of the data 
transmissions received via the multiple parallel channels. For example, the receiver 
may determine the status of each received data packet (e.g., as good or bad, as described 
below), obtain decoder metrics for each data stream, estimate the received SNR for each 
parallel channel, and so on. The outer loop then adjusts the operation of the inner loop 
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for each parallel channel based on the estimated received quality for that parallel 
channel. For example, the outer loop may adjust the SNR offset for each parallel 
channel to achieve a target packet error rate (PER) for that parallel channel. The outer 
loop may also direct the inner loop to select a transmission mode with a lower data rate 
for a parallel channel if excessive packet errors are detected for that parallel channel. 
[1009] Various aspects and embodiments of the invention are also described in 
further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[1010] The features, nature, and advantages of the present invention will become 
more apparent from the detailed description set forth below when taken in conjunction 
with the drawings in which like reference characters identify correspondingly 
throughout and wherein: 

[1011] FIG. 1 shows a transmitter and a receiver in a multi-channel communication 
system with closed-loop rate control for Nc parallel channels; 
[1012] FIG. 2 shows a closed-loop rate control mechanism; 

[1013] FIG. 3 shows an exemplary process to transmit Nc data streams on Nc 
parallel channels using Nc transmission modes selected with closed-loop rate control; 
[1014] FIG. 4 shows an exemplary process for the outer loop; 
[1015] FIG. 5 shows an exemplary TDD MIMO-OFDM system; 
[1016] FIG. 6 shows a frame structure used in the TDD MIMO-OFDM system; 
[1017] FIG. 7 shows a process for transmitting multiple data streams on multiple 
wideband eigenmodes on the downlink and uplink in the TDD MIMO-OFDM system; 
[1018] FIG. 8 shows a process for selecting Ns transmission modes for N s wideband 
eigenmodes; 

[1019] FIGS. 9A and 9B show an access point and a terminal in the TDD MIMO- 
OFDM system for downlink and uplink transmission, respectively; 
[1020] FIG. 10 shows a transmitter subsystem; 
[1021] FIG. 11 shows a receiver subsystem; and 

[1022] FIGS. 12A and 12B show exemplary timing diagrams for closed-loop rate 
control for the downlink and uplink, respectively. 
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DETAILED DESCRIPTION 

[1023] The word "exemplary" is used herein to mean "serving as an example, 
instance, or illustration." Any embodiment or design described herein as "exemplary" 
is not necessarily to be construed as preferred or advantageous over other embodiments 
or designs. 

[1024] As used herein, "rate control" entails controlling the data rate of each of 
multiple parallel channels based on channel conditions. The data rate for each parallel 
channel is determined by the transmission mode selected for use for that parallel 
channel. Rate control may thus be achieved by controlling the transmission modes used 
for the multiple parallel channels. 

[1025] FIG. 1 shows a block diagram of a transmitter 110 and a receiver 150 in a 
multi-channel communication system 100 with closed-loop rate control for Nc parallel 
channels, where N c > 1 . The Nc parallel channels may be formed in various manners, 
as described below. For downlink transmission, transmitter 110 is an access point, 
receiver 150 is a user terminal, first communication link 148 is the downlink (i.e., 
forward link), and second communication link 152 is the uplink (i.e., reverse link). For 
uplink transmission, transmitter 110 is a user terminal, receiver 150 is an access point, 
and the first and second communication links are the uplink and downlink, respectively. 
[1026] At transmitter 110, a transmit (TX) data processor 120 receives N c data 
streams, one stream for each of the N c parallel channels. Each parallel channel is 
associated with a specific transmission mode that indicates a set of transmission 
parameters to use for that parallel channel. A transmission mode may indicate (or may 
be associated with) a particular data rate, a particular coding scheme or code rate, a 
particular interleaving scheme, a particular modulation scheme, and so on, to use for 
data transmission. An exemplary set of transmission modes is given in Table 2 below. 
For each parallel channel, the data rate is indicated by a data rate control, the coding 
scheme is indicated by a coding control, and the modulation scheme is indicated by a 
modulation control. These controls are provided by a controller 130 and are generated 
based on the transmission mode selected for each parallel channel using feedback 
information obtained from receiver 150 and possibly other information (e.g., channel 
estimates) obtained by transmitter 110. 

[1027] TX data processor 120 codes, interleaves, and modulates each data stream in 
accordance with the transmission mode selected for its parallel channel to provide a 
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corresponding stream of modulation symbols. TX data processor 120 provides N c 
modulation symbol streams for the N c data streams. A transmitter unit (TMTR) 122 
then processes the N c modulation symbol streams in a maimer specified by the system. 
For example, transmitter unit 122 may perform OFDM processing for an OFDM 
system, spatial processing for a MIMO system, or both spatial and OFDM processing 
for a MEVIO-OFDM system (which is a MIMO system that utilizes OFDM). A pilot is 
also transmitted to assist receiver 150 in performing a number of functions such as 
channel estimation, acquisition, frequency and timing synchronization, coherent 
demodulation, and so on. Transmitter unit 122 multiplexes pilot symbols with the 
modulation symbols for each parallel channel, processes the multiplexed symbols, and 
provides a modulated signal for each antenna used for data transmission. Each 
modulated signal is then transmitted via first communication link 148 to receiver 150. 
First communication link 148 distorts each modulated signal with a particular channel 
response and further degrades the modulated signal with (1) additive white Gaussian 
noise (AWGN) having a variance of N Q and (2) possibly interference from other 
transmitters. 

[1028] At receiver 150, the transmitted signal(s) are received by one or more 
receive antennas, and the received signal from each antenna is provided to a receiver 
unit (RCVR) 160. Receiver unit 160 conditions and digitizes each received signal to 
provide a corresponding stream of samples. Receiver unit 160 further processes the 
samples in a manner that is complementary to that performed by transmitter unit 122 to 
provide N c streams of "recovered" symbols, which are estimates of the N c streams of 
modulation symbols sent by transmitter 110. 

[1029] A receive (RX) data processor 162 then processes the N c recovered symbol 
streams in accordance with the N c transmission modes selected for the N c parallel 
channels to obtain N c decoded data streams, which are estimates of the N c data streams 
sent by transmitter 110. The processing by RX data processor 162 may include 
demodulation, deinterleaving, and decoding. RX data processor 162 may further 
provide the status of each received data packet and/or decoder metrics for each decoded 
data stream. 

[1030] Receiver unit 160 also provides received pilot symbols for the N c parallel 
channels to a channel estimator 164. Channel estimator 164 processes these received 
pilot symbols to obtain channel estimates for the N c parallel channels. The channel 
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estimates may include, for example, channel gain estimates, noise variance N 0 estimate, 
and so on. The noise variance No 9 which is the noise floor observed at receiver 150, 
includes channel noise, receiver circuitry noise, interference (i.e., cross-talk) from other 
transmitting entities, and so on. 

[1031] A transmission mode (TM) selector 166 receives the channel estimates from 
channel estimator 164 and possibly packet status and/or decoder metrics from RX data 
processor 162. Transmission mode selector 166 computes an operating SNR for each of 
the N c parallel channels based on the channel estimates and an SNR offset for that 
parallel channel. Transmission mode selector 166 then selects a suitable transmission 
mode for each parallel channel based on the operating SNR and outer loop information 
for the parallel channel. The transmission mode selection is described in detail below. 
[1032] A controller 170 receives the N c selected transmission modes, TM 1 through 
TM Nc, from transmission mode selector 166 and the packet status from RX data 
processor 162 (not shown). Controller 170 then assembles feedback information for 
transmitter 110. The feedback information may include the N c selected transmission 
modes for the Nc parallel channels, acknowledgments (ACKs) and/or negative 
acknowledgments (NAKs) for received data packets, a pilot, and/or other information. 
The feedback information is then sent via second communication link 152 to transmitter 
110. Transmitter 110 uses the feedback information to adjust the processing of the N c 
data streams sent to receiver 150. For example, transmitter 110 may adjust the data rate, 
the coding scheme, the modulation scheme, or any combination thereof, for each of the 
N c data streams sent on the N c parallel channels to receiver 150. The feedback 
information is used to increase the efficiency of the system by allowing data to be 
transmitted at the best-known settings supported by first communication link 148. 
[1033] In the embodiment shown in FIG. 1, the channel estimation and transmission 
mode selection are performed by receiver 150 and the N c transmission modes selected 
for the N c parallel channels are sent back to transmitter 110. In other embodiments, the 
channel estimation and transmission mode selection may be performed (1) by 
transmitter 110 based on feedback information obtained from receiver 150 and/or other 
information obtained by transmitter 110 or (2) jointly by both transmitter 110 and 
receiver 150. 

[1034] FIG. 2 shows a block diagram of an embodiment of a closed-loop rate 
control mechanism 200, which includes an inner loop 210 that operates in conjunction 
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with an outer loop 220. For simplicity, the operation of inner loop 210 and outer loop 
220 for only one parallel channel x is shown in FIG. 2. Li general, the same processing 
may be performed independently for each of the N c parallel channels. 
[1035] For inner loop 210, channel estimator 164x estimates the channel conditions 
for parallel channel x and provides channel estimates (e.g., channel gain estimates and 
noise floor estimate). A selector 174 within transmission mode selector 166x computes 
a received SNR for parallel channel x based on (1) the channel estimates from channel 
estimator 164x and (2) an SNR offset and/or a transmission mode adjustment for 
parallel channel x from a quality estimator 172. For clarity, the received SNR is 
symbolically shown as being provided by channel estimator 164x to selector 174 in 
FIG. 2. Selector 174 then selects a transmission mode for parallel channel x based on 
the received information, as described below. The select transmission mode for parallel 
channel x is included in the feedback information sent by controller 170 to the 
transmitter. At the transmitter, controller 130 receives the selected transmission mode 
for parallel channel x and determines the data rate, coding, and modulation controls for 
parallel channel x. Data is then processed in accordance with these controls by TX data 
processor 120x, further multiplexed with pilot symbols and conditioned by transmitter 
unit 122x, and sent to the receiver. The channel estimation and transmission mode 
selection may be performed periodically, at scheduled times, whenever changes in the 
communication link are detected, only as necessary (e.g., prior to and during data 
transmission), or at other times. 

[1036] Outer loop 220 estimates quality of the data transmission received on 
parallel channel x and adjusts the operation of inner loop 210 for parallel channel x. 
The received data symbols for parallel channel x are processed by RX data processor 
162x, and the status of each received packet on parallel channel x and/or decoder 
metrics are provided to quality estimator 172. The decoder metrics may include a re- 
encoded symbol error rate (SER), a re-encoded power metric, a modified Yamamoto 
metric (for a convolutional decoder), minimum or average log-likelihood ratio (LLR) 
among bits in a decoded packet (for a Turbo decoder), and so on. The re-encoded SER 
is the error rate between the received symbols from receiver unit 160 and the re-encoded 
symbols obtained by processing (e.g., re-encoding, re-modulating, and so on) the 
decoded data from RX data processor 162. The modified Yamamoto metric is 
indicative of the confidence in the decoded data and is obtained based on the difference 
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between the selected (best) path through the trellis for the convolutional decoding and 
the next closest path through the trellis. The minimum or average LLR may also be 
used as an indication of the confidence of the decoded data. These decoder metrics, 
which are indicative of the quality of the data transmission received on parallel channel 
x, are known in the art. 

[1037] Outer loop 220 can provide different types of information used to control the 
operation of inner loop 210. For example, outer loop 220 can provide an SNR offset for 
each parallel channel. The SNR offset is used in the computation of the operating SNR 
for the parallel channel, as described below. The operating SNR is then provided to a 
look-up table (LUT) 176 and used to select the transmission mode for the parallel 
channel. The SNR offset thus influences the selection of the transmission mode. Outer 
loop 220 can also provide a transmission mode adjustment for each parallel channel. 
This adjustment may direct inner loop 210 to select a transmission mode with a lower 
data rate for the parallel channel. The transmission mode adjustment directly impacts 
the selection of the transmission mode. The SNR offset and transmission mode 
adjustment are two mechanisms for controlling the operation of inner loop 210. Outer 
loop 220 may also be designed to provide other types of adjustments for inner loop 210. 
For simplicity, only the SNR offset and transmission mode adjustment are described 
below. Outer loop 220 may adjust the SNR offset and/or transmission mode in various 
manners, some of which are described below. 

[1038] In a first embodiment, the SNR offset and/or transmission mode for each 
parallel channel are adjusted based on packet errors detected for the data stream 
received on that parallel channel. The data stream may be transmitted in packets, 
blocks, frames, or some other data units. (For simplicity, packet is used herein for the 
data unit.) Each packet may be coded with an eiror detection code (e.g., a cyclic 
redundancy check (CRC) code) that allows the receiver to determine whether the packet 
was decoded correctly or in error. Each parallel channel may be associated with a 
particular target packet error rate (PER) (e.g., 1% PER). Quality estimator 172 receives 
the status of each received packet and the target PER for parallel channel x and adjusts 
the SNR offset for parallel channel x accordingly. For example, the SNR offset for 
parallel channel x may be initialized to zero at the start of data transmission on parallel 
channel x. The SNR offset may thereafter be reduced by ADN for each good packet and 
increased by AUP for each bad packet, where ADN and AUP may be selected based on 
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the target PER and the desired response time for the outer loop. The SNR offset is 
typically a positive value or zero but may also be allowed to be a negative value (e.g., to 
account for a high initial estimate of the received SNR). Alternatively or additionally, 
quality estimator 172 may provide a directive to adjust the transmission mode for 
parallel channel x to the next lower data rate, for example, if a burst of packet errors is 
detected on parallel channel x. The SNR offset and/or transmission mode adjustment 
from quality estimator 172 are used by selector 174 to select the transmission mode for 
parallel channel x. 

[1039] In a second embodiment, the SNR offset and/or transmission mode for each 
parallel channel are adjusted based on the decoder metrics for that parallel channel. The 
decoder metrics for each parallel channel can be used to estimate the quality of the data 
transmission received on that parallel channel. If a particular decoder metric for a given 
parallel channel is worse than a threshold selected for that metric, then the SNR offset 
and/or transmission mode for that parallel channel may be adjusted accordingly. 
[1040] In a third embodiment, the SNR offset and/or transmission mode for each 
parallel channel are adjusted based on the received SNR and the required SNR for that 
parallel channel. The received SNR for each parallel channel may be determined based 
on the received pilot symbols for that parallel channel. The system may support a set of 
transmission modes (e.g., as shown in Table 2), and each supported transmission mode 
requires a different minimum SNR to achieve the target PER. Quality estimator 172 
can determine an SNR margin for parallel channel x, which is the difference between 
the received SNR and the required SNR for parallel channel x. If the SNR margin for 
parallel channel x is a negative value, then the transmission mode for parallel channel x 
may be adjusted to the next lower data rate. 

[1041] The third embodiment may also be used for a design whereby a packet is 
demultiplexed and transmitted across multiple parallel channels. If the packet is 
received in error, then it may not be possible to determine (just from the received 
packet) which one or ones of the parallel channels cause the packet to be received in 
error. If no other information is available, then it may be necessary to adjust the N c 
SNR offsets and/or the N c transmission modes for all N c parallel channels, for example, 
so that the next lower data rate is used for each parallel channel. This may result in an 
excessive amount of reduction on the overall data rate. However, using the third 
embodiment, the parallel channel with the smallest SNR margin can be assumed to have 
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caused the packet error, and the transmission mode for this parallel channel can be 
adjusted to the next lower data rate. 

[1042] The outer loop may also adjust the operation of the inner loop in other 
manners, and this is within the scope of the invention, hi general, the outer loop 
operates at a rate that may be faster or slower than the rate of the inner loop. For 
example, the adjustment of the SNR offset by the outer loop may be dependent on many 
received packets. The outer loop can also adjust the data rate in between regularly 
scheduled inner loop calculations. Thus, depending on its specific design and manner 
of operation, the outer loop typically has more influence on the operation of the inner 
loop for longer data transmissions. For bursty transmissions, the outer loop may not 
have much or any influence on the operation of the inner loop. 

[1043] FIG. 3 shows a flow diagram of a process 300 to transmit N c data streams 
on Nc parallel channels using N c transmission modes selected with closed-loop rate 
control. Process 300 may be implemented as shown in FIGS. 1 and 2. Initially, the 
receiver estimates the channel gains and the noise floor N 0 for the N c parallel channels 
(step 312). The receiver then selects a transmission mode for each of the N c parallel 
channels based on the channel gain estimates, the noise floor estimate, and outer loop 
information (if any) for that parallel channel (step 314). The outer loop information 
may include the SNR offset and/or transmission mode adjustment for each of the Nc 
parallel channels. The transmission mode selection is described below. The receiver 
sends the N c selected transmission modes for the Nc parallel channels, as feedback 
information, to the transmitter (step 316). 

[1044] The transmitter codes and modulates the N c data streams in accordance with 
the Nc selected transmission modes (obtained from the receiver) to provide N c 
modulation symbol streams (step 322). The transmitter then processes and transmits the 
N c modulation symbol streams on the N c parallel channels to the receiver (step 324). 
[1045] The receiver processes the data transmissions received on the N c parallel 
channels from the transmitter and obtains N c recovered symbol streams (step 332). The 
receiver further processes the N c recovered symbol streams in accordance with the N c 
selected transmission modes to obtain N c decoded data streams (step 334). The receiver 
also estimates the quality of the data transmission received on each of the N c parallel 
channels, e.g., based on the packet status, decoder metrics, received SNRs, and so on 
(step 336). The receiver then provides outer loop information for each of the N c parallel 
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channels based on the estimated quality for the data transmission received on that 
parallel channel (step 338). la FIG. 3, steps 312 through 324 may be considered as part 
of the inner loop, and steps 332 through 338 may be considered as part of the outer 
loop. 

[1046] FIG. 4 shows a flow diagram of a process 400 that may be performed for the 
outer loop. The status of data packets received on each of the N c parallel channels is 
obtained and used to adjust the SNR offset and/or transmission mode for that parallel 
channel (step 412). Decoder metrics for each of the N c parallel channels may also be 
obtained and used to adjust the SNR offset and/or transmission mode for that parallel 
channel (step 414). The received SNR for each of the N c parallel channels may also be 
obtained for each parallel channel and used to compute the SNR margin for that parallel 
channel. The SNR margins for the N c parallel channels may be used to adjust the 
transmission modes for the parallel channels if packet errors are detected (step 416). An 
outer loop may implement any one or any combination of the steps shown in FIG. 4, 
depending on its specific design. 

[1047] The closed-loop rate control techniques described herein may be used for 
various types of multi-channel communication systems having multiple parallel 
channels that may be used for data transmission. For example, these techniques may be 
used for TDM systems, FDM systems, OFDM-based systems, MIMO systems, MIMO 
systems that utilize OFDM (i.e., MIMO-OFDM systems), and so on. 
[1048] A TDM system may transmit data in frames, each of which may be of a 
particular time duration. Each frame may include multiple (N T s) slots that may be 
assigned different slot indices. N c parallel channels may be formed by the N T s slots in 
each frame, where N c < N TS . Each of the N c parallel channels may include one or 
multiple slots. The N c channels are considered "parallel" even though they are not 
transmitted simultaneously. 

[1049] An FDM system may transmit data in (N ss ) frequency subbands, which may 
be arbitrarily spaced. N c parallel channels may be formed by the N S b subbands, where 
N c - N SB . Each of the N c parallel channels may include one or multiple subbands. 
[1050] An OFDM system uses OFDM to effectively partition the overall system 
bandwidth into multiple (N F ) orthogonal subbands, which may also be referred to as 
tones, bins, and frequency channels. Each subband is associated with a respective 
carrier that may be modulated with data. N c parallel channels may be formed by the N F 
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subbands, where N c < N F . The N c parallel channels are formed by Nc disjoints sets of 
one or more subbands. The Nc sets are disjoint in that each of the N F subbands is 
assigned to only one set (and thus to one parallel channel), if at all. An OFDM system 
may be considered as a specific type of FDM system. 

[1051] A MIMO system employs multiple (N T ) transmit antennas and multiple (N R ) 
receive antennas for data transmission, and is denoted as an (N T , N R ) system. A MIMO 
channel formed by the N T transmit and N R receive antennas is composed of N s spatial 
channels that may be used for data transmission, where N s < min {N T ,N R }. The 
number of spatial channels is determined by a channel response matrix H that describes 
the response between the N T transmit and N R receive antennas. For simplicity, the 
following description assumes that the channel response matrix H is full rank. In this 
case, the number of spatial channels is given as N s = N T < N R . N c parallel channels 
may be formed by the Ns spatial channels, where N c <N S . Each of the N c parallel 
channels may include one or multiple spatial channels. 

[1052] A MEMO-OFDM system has N s spatial channels for each of N F subbands. 
N c parallel channels may be formed by the N s spatial channels of each of the N F 
subbands, where N c <N F -N s . Each of the N c parallel channels may include one or 
multiple spatial channels of one or multiple subbands (i.e., any combination of spatial 
channels and subbands). For MIMO and MIMO-OFDM systems, N c parallel channels 
may also be formed by the N T transmit antennas, where N C <N T . Each of the Nc 

parallel channels may be associated with one or multiple transmit antennas for data 
transmission. 

[1053] For MIMO and MIMO-OFDM systems, data may be transmitted on the N s 
spatial channels in various manners. For a partial channel state information (partial- 
CSI) MIMO system, data is transmitted on the N s spatial channels without any spatial 
processing at the transmitter and with spatial processing at the receiver. For a full-CSI 
MIMO system, data is transmitted on the N s spatial channels with spatial processing at 
both the transmitter and the receiver. For the full-CSI MIMO system, eigenvalue 
decomposition or singular value decomposition may be performed on the channel 
response matrix H to obtain N s "eigenmodes" of the MIMO channel. Data is 
transmitted on the Ns eigenmodes, which are orthogonalized spatial channels. 
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[1054] The closed-loop rate control techniques described herein may be used for 
time division duplex (TDD) systems as well as frequency division duplex (FDD) 
systems. For a TDD system, the downlink and uplink share the same frequency band 
and are likely to observe similar fading and multipath effects. Thus, the channel 
response for each link may be estimated based on a pilot received on either that link or 
the other link. For an FDD system, the downlink and uplink use different frequency 
bands and are likely to observe different fading and multipath effects. The channel 
response for each link may be estimated based on a pilot received on that link. 
[1055] The closed-loop rate control techniques may be used for both partial-CSI and 
full-CSI MIMO systems. These techniques may also be used for the downlink as well 
as the uplink. 

[1056] The closed-loop rate control techniques are now described in detail for an 
exemplary multi-channel communication system, which is a full-CSI TDD MIMO- 
OFDM system. For simplicity, in the following description, the term "eigenmode" and 
"wideband eigenmode" are used to denote the case where an attempt is made to 
orthogonalize the spatial channels, even though it may not be fully successful due to, for 
example, an imperfect channel estimate. 

I. TDD MIMO-OFDM System 

[1 057] FIG. 5 shows an exemplary TDD MIMO-OFDM system 500 with a number 
of access points (APs) 510 that support communication for a number of user terminals 
(UTs) 520. For simplicity, only two access points 510a and 510b are shown in FIG. 5. 
An access point may also be referred to as a base station, a base transceiver system, a 
Node B, or some other terminology. A user terminal may be fixed or mobile, and may 
also be referred to as an access terminal, a mobile station, a user equipment (UE), a 
wireless device, or some other terminology. Each user terminal may communicate with 
one or possibly multiple access points on the downlink and/or the uplink at any given 
moment. A system controller 530 couples to access points 510 and provides 
coordination and control for these access points. 

[1058] FIG. 6 shows an exemplary frame structure 600 that may be used in TDD 
MIMO-OFDM system 500. Data transmission occurs in units of TDD frames, each of 
which spans a particular time duration (e.g., 2 msec). Each TDD frame is partitioned 
into a downlink phase and an uplink phase, and each phase is further partitioned into 
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multiple segments for multiple transport channels. In the embodiment shown in FIG. 6, 
the downlink transport channels include a broadcast channel (BCH), a forward control 
channel (FCCH), and a forward channel (FCH), and the uplink transport channels 
include a reverse channel (RCH) and a random access channel (RACH). 
[1059] In the downlink phase, a BCH segment 610 is used to transmit one BCH 
protocol data unit (PDU) 612, which includes a beacon pilot 614, a MIMO pilot 616, 
and a BCH message 618. The beacon pilot is a pilot transmitted from all antennas and 
is used for timing and frequency acquisition. The MIMO pilot is a pilot transmitted 
from all antennas but with a different orthogonal code for each antenna in order to allow 
the user terminals to individually identify the antennas. The MIMO pilot is used for 
channel estimation. The BCH message carries system parameters for the user terminals. 
An FCCH segment 620 is used to transmit one FCCH PDU, which carries assignments 
for downlink and uplink resources (e.g., the selected transmission modes for the 
downlink and uplink) and other signaling for the user terminals. An FCH segment 630 
is used to transmit one or more FCH PDUs 632 on the downlink. Different types of 
FCH PDU may be defined. For example, an FCH PDU 632a includes a steered 
reference 634a and a data packet 636a, and an FCH PDU 632b includes only a data 
packet 636b. The steered reference is a pilot that is transmitted on a specific wideband 
eigenmode (as described below) and is used for channel estimation. 
[1060] In the uplink phase, an RCH segment 640 is used to transmit one or more 
RCH PDUs 642 on the uplink. Different types of RCH PDU may also be defined. For 
example, an RCH PDU 642a includes only a data packet 646a, and an RCH PDU 642b 
includes a steered reference 644b and a data packet 646b. An RACH segment 650 is 
used by the user terminals to gain access to the system and to send short messages on 
the uplink. An RACH PDU 652 may be sent in RACH segment 650 and includes a 
pilot (e.g., steered reference) 654 and a message 656. 

[1061] FIG. 6 shows an exemplary frame structure for a TDD system. Other frame 
structures may also be used, and this is within the scope of the invention. 

1. Spatial Processing 

[1062] For a MIMO-OFDM system, the channel response between an access point 
and a user terminal may be characterized by a set of channel response matrices, H(/c) 
for k e K , where K represents the set of all subbands of interest (e.g., K = {1, N F } ). 
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For a TDD MIMO-OFDM system with a shared frequency band, the downlink and 
uplink channel responses may be assumed to be reciprocal of one another. That is, if 
M(/c) represents a channel response matrix from antenna array A to antenna array B for 
subband k, then a reciprocal channel implies that the coupling from array B to array A is 
given by H T (k) , where A T denotes the transpose of A . 

[1063] However, the frequency responses of the transmit and receive chains at the 
access point are typically different from the frequency responses of the transmit and 
receive chains at the user terminal. Calibration may be performed to obtain correction 
matrices used to account for differences in the frequency responses. With these 
correction matrices, the "calibrated" downlink channel response, H cdn (£), observed by 

the user terminal is the transpose of the "calibrated" uplink channel response, H cup (£) , 
observed by the access point, i.e., H^fc) = H^(*) , for keK . For simplicity, the 

following description assumes that the downlink and uplink channel responses are 
calibrated and reciprocal of one another. 

[1064] On the downlink, a MIMO pilot may be transmitted by the access point (e.g., 
in BCH segment 610) and used by the user terminal to obtain an estimate of the 
calibrated downlink channel response, H cdn (/c), for k e K . The user terminal may 

estimate the calibrated uplink channel response as H cup (£) =H^ n (&) . The user terminal 

may perform singular value decomposition of H cup (£) , for each subband k, as follows: 

2 cup (*) = V ap (k)Uk)Y.l(k) , for k € K , Eq (1) 

where U ap (£) is an (N ap x N ap ) unitary matrix of left eigenvectors of H cup (£) ; 
%(k) is an (N ap x N ut ) diagonal matrix of singular values of H cup (/c:) ; 

V ut (£) is an (N ut x N ut ) unitary matrix of right eigenvectors of H cup (/c) ; 
A is the conjugate transpose of A ; 
N ap is the number of antennas at the access point; and 
N ut is the number of antennas at the user terminal. 
[1065] Similarly, the singular value decomposition of H cdn (k) may be expressed as: 
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BU(*) = vl(*)£(*)<£(*) ,fovkeK, Eq(2) 

where V ut (/c) and U ap (k) are unitary matrices of left and right eigenvectors, 
respectively, of H cdn (£) and denotes the complex conjugate. Singular value 
decomposition is described by Gilbert Strang in a book entitled "Linear Algebra and Its 
Applications/' Second Edition, Academic Press, 1980. 

[1066] As shown in equations (1) and (2), the matrices of left and right eigenvectors 
for one link are the complex conjugate of the matrices of right and left eigenvectors, 
respectively, for the other link. The matrices U ap (£) and V ut (£) may be used by the 
access point and the user terminal, respectively, for spatial processing and are denoted 
as such by their subscripts. The matrix t(k) includes singular value estimates that 
represent the gains for the spatial channels (or eigenmodes) of the channel response 
matrix H(A:) for each subband k. 

[1067] Singular value decomposition may be performed independently for the 
channel response matrix H cup (£) for each subband k to determine the N s eigenmodes of 
that subband. The singular value estimates for each diagonal matrix t(k) may be 
ordered such that {d t (k) > & 2 (k) > ...>& Ns (k)} 9 where a t (k) is the largest singular 
value estimate and cr Ns (k) is the smallest singular value estimate for subband k. When 
the singular value estimates for each diagonal matrix £(/c) are ordered, the eigenvectors 
(or columns) of the associated matrices U(/c) and V(/c) are also ordered 
correspondingly. A "wideband eigenmode" may be defined as the set of same-order 
eigenmodes of all subbands after the ordering. Thus, the ra-th wideband eigenmode 
includes the /n-th eigenmodes of all subbands. The "principal" wideband eigenmode is 
the one associated with the largest singular value estimate in the matrix t(k) for each 
of the subbands. N s parallel channels may be formed by the N s wideband eigenmodes. 
[1068] The user terminal may transmit a steered reference on the uplink (e.g., in 
RCH segment 640 or RACH segment 650 in FIG. 6). The uplink steered reference for 
wideband eigenmode m may be expressed as: 

= ym,m(k)p(k) , for k e K , Eq (3) 
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where x^^k) is a vector of N ut symbols sent from N ut user terminal antennas for 
subband k of wideband eigenmode m for the steered reference; 

v ut>w (£) is the m-th column of the matrix V ut (A:) for subband k, where 
¥«(k) = \±^(k) ±«, 2 (k) ... v uW( (fc)] ; and 

^(&) is the pilot symbol sent on subband k. 

The steered reference for all N s wideband eigenmodes may be transmitted in N s OFDM 
symbol periods, or fewer than N s OFDM symbol periods using subband multiplexing. 
The steered reference for each wideband eigenmode may also be transmitted over 
multiple OFDM symbol periods. 

[1069] The received uplink steered reference at the access point may be expressed 
as: 

L^ m (k) =H c ^(i)v ut>ffl (%©+^© 

, for k e K , Eq (4) 

where r up sr m (£) is a vector of N ap symbols received on N ap access point antennas for 
subband k of wideband eigenmode m for the steered reference; 
Ma Pj ™(£) is the m-th column of the matrix U ap (&) for subband k, where 

U ap (*) = [u^(k) u ap , 2 (*) ... u ap ^ (*)] ; 
<r m (k) is the singular value estimate for subband k of wideband eigenmode m 9 

i.e., the w-th diagonal element of the matrix t(k) ; and 
n np (k) is additive white Gaussian noise (AWGN) for subband k on the uplink. 

[1070] As shown in equation (4), at the access point, the received steered reference 
(in the absence of noise) is approximately M aPjW (£)<x w (k)p(k) . The access point can 
thus obtain estimates of both n apm (k) and & m ( k ) for each subband k based on the 
received steered reference for that subband. The estimate of a m (k) for subband k of 
wideband eigenmode m, & m (/c) , maybe expressed as: 
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^(^)=llrup,sr, m WI| 2 =Zl r up,sr, m ,^)| 2 > forkeK andmeM, Eq (5) 

1=1 

where || a || denotes the 2-norm of a ; 

r up,sr,mA k ) is ^ z " th e l ement of the vector r up sr m (^) ; and 

M represents the set of all wideband eigenmodes of interest, e.g., M = {1, TV^} . 

[1071] The estimate of u ap m {k) for subband k of wideband eigenmode m, fi ap ,m(£) > 
maybe expressed as: 

H ap ,,„ (*) = rup,sr 5 mW/^nW > for A: <= i£ and w^M. Eq (6) 

The double hat for u ap w (A:) and <r ? „ (&) indicates that these are estimates of estimates, 
i.e., estimates obtained by the access point for the estimates u apm (&) and <x m (£) 

obtained by the user terminal. If the steered reference for each wideband eigenmode is 
transmitted over multiple OFDM symbol periods, then the access point can average the 
received steered reference for each wideband eigenmode to obtain more accurate 
estimates of u aPjWl (£) and <J m (k) • 

[1072] Table 1 summarizes the spatial processing at the access point and the user 
terminal for data transmission and reception on multiple wideband eigenmodes. 



Table 1 





Downlink 


Uplink 


Access 
Point 


Transmit : 


Receive : 
i„pW=I" 1 wC P Wr up (/c) 


User 
Terminal 


Receive : 


Transmit : 

M*) = Xut(*0s up (fc) 



In Table 1, s(£) is a "data" vector of modulation symbols (obtained from the symbol 
mapping at the transmitter), x(Ar) is a "transmit" vector of transmit symbols (obtained 
after spatial processing at the transmitter), r(k) is a "received" vector of received 
symbols (obtained after OFDM processing at the receiver), and §(/c) is an estimate of 
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the vector s(k) (obtained after spatial processing at the receiver), where all of the 
vectors are for subband k. The subscripts "dn" and "up" for these vectors denote 
downlink and uplink, respectively. In Table 1, E" 1 (k) is a diagonal matrix defined as 
S" 1 (A;) = diag (l/or x (k) l/a 2 (k) ... Va Ns {k)). 

[1073] The steered reference may be transmitted for one wideband eigenmode at a 
time by the user terminal or may be transmitted for multiple wideband eigenmodes 
simultaneously using an orthogonal basis (e.g., Walsh codes). The steered reference for 

each wideband eigenmode may be used by the access point to obtain ji ap „,(£), for 

k e K , for that wideband eigenmode. If the N s vectors u aPjW (£) of the matrix U ap (&) 
are obtained individually (and over different OFDM symbol periods) for the N s 
eigenmodes of each subband, then, due to noise and other sources of degradation in the 

wireless link, the N s vectors n apm (k) of the matrix U ap (£) for each subband k are not 

likely to be orthogonal to one another. In this case, the N s vectors of the matrix U ap (/c) 

for each subband k may be orthogonalized using QR factorization, polar decomposition, 
or some other techniques. 

[1074] At the access point, a received SNR estimate for subband k of wideband 
eigenmode m, y^ m (k) , may be expressed as: 

}\ v , n ( k ) = , for k e K and meM, Eq (7) 

where P UJ)jm (k) is the transmit power used by the user terminal for subband k of 
wideband eigenmode m on the uplink; and 
iV 0ap is the noise floor at the access point. 

[1075] At the user terminal, a received SNR estimate for subband k of wideband 
eigenmode m, y utttn (k) , may be expressed as: 

/ut,,W = jPdD " ( ^'^ (fc) , former andmeM, Eq (8) 
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where P^^ik) is the transmit power used by the access point for subband k of 
wideband eigenmode m on the downlink; and 
N 0 ut is the noise floor at the user terminal. 

As shown in equations (7) and (8), the received SNR for each subband of each 
wideband eigenmode, y m (k), is dependent on the channel gain (which is S m (k) or 

<? m (k) ), the receiver noise floor N 0 9 and the transmit power P m (k) . The received SNR 
may be different for different subbands and eigenmodes. 

[1076] FIG. 7 shows a flow diagram of a process 700 for transmitting multiple data 
streams on multiple wideband eigenmodes on the downlink and uplink in the exemplary 
TDD MIMO-OFDM system. Process 700 assumes that calibration has already been 
performed and that the downlink and uplink channel responses are transpose of one 

another, i.e., H cup (/c) « H cdn (£) . For process 700, channel estimation is performed in 

block 710, transmission mode selection is performed in block 730, and data 
transmission/reception is performed in block 760. 

[1077] For channel estimation, the access point transmits a MEVIO pilot on the 
downlink (e.g., on the BCH) (step 712). The user terminal receives and processes the 
MIMO pilot to obtain an estimate of the calibrated downlink channel response, H cdn (k) , 
for k g K (step 714). The user terminal then estimates the calibrated uplink channel 
response as H cup (fc) = H^fc) and performs singular value decomposition (SVD) of 
H cup (£) to obtain the matrices t(k) and V ut (k), for k e K , as shown in equation (1) 
(step 716). The user terminal then transmits an uplink steered reference (e.g., on the 
RACH or the RCH) using the matrices V ut (£), for k e K , as shown in equation (3) 
(step 718). The access point receives and processes the uplink steered reference to 

obtain the matrices £(/c) and U ap (A:) , for k e K , as described above (step 720). 

[1078] For downlink data transmission, the user terminal selects a transmission 
mode (with the highest supported data rate) for each wideband eigenmode on the 
downlink based on the diagonal matrix t(k) , the noise floor N 0>ut at the user terminal, 
and downlink outer loop information (e.g., SNR offsets and/or transmission mode 
adjustments for the downlink) (step 740). The transmission mode selection is described 
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below. The user terminal then sends feedback information, which includes the Ns 
transmission modes selected by the user terminal for the downlink and may further 
include the noise floor N 0ut at the user terminal (step 742). (The steered reference 

transmitted in step 718 may also be viewed as feedback information sent by the user 
terminal.) 

[1079] For uplink data transmission, the access point selects N s transmission modes 
for the N s wideband eigenmodes on the uplink based on the diagonal matrix £(&) , the 
noise floor iV 0ap at the access point, and uplink outer loop information (e.g., SNR 
offsets and/or transmission mode adjustments for the uplink) (step 750). The access 
point further selects the N s transmission modes for the Ns wideband eigenmodes on the 
downlink based on the feedback information received from the user terminal (step 752). 
The access point then sends the selected transmission modes for both the downlink and 
uplink (e.g., on the FCCH) (step 754). The user terminal receives the selected 
transmission modes for both links (step 756). 

[1080] For downlink data transmission, the access point (1) codes and modulates the 
data for each downlink wideband eigenmode in accordance with the transmission mode 
selected for that wideband eigenmode, (2) spatially processes the data vector s dn (£) 

with the matrix U ap (k), as shown in Table 1, to obtain the transmit vector x dn (/c), for 

k<=K, and (3) transmits the vector x^fjc) on the downlink (step 762). The user 

terminal (1) receives the downlink transmission, (2) performs matched filtering on the 

received vector r^k) with £~\kJV T vt (k) , as also shown in Table 1, to obtain the 

vector s dn (k) , for k e= K , and (3) demodulates and decodes the recovered symbols in 

accordance with the transmission mode selected for each downlink wideband 
eigenmode (step 764). 

[1081] For uplink data transmission, the user terminal (1) codes and modulates the 
data for each uplink wideband eigenmode in accordance with the transmission mode 
selected for that wideband eigenmode, (2) spatially processes the data vector s up (£) 

with the matrix V ut (7c) to obtain the transmit vector x up (Ar), for keK, and (3) 
transmits the vector x up (£) on the uplink (step 772). The access point (1) receives the 
uplink transmission, (2) performs matched filtering on the received vector r u (k) with 



WO 2004/038986 PCT/US2003/034570 

22 

2 -1 - H 

tt (^)H ap (k) to obtain the vector s up (k) 9 and (3) demodulates and decodes the 

recovered symbols in accordance with the transmission mode selected for each uplink 
wideband eigenmode (step 774). For simplicity, the closed-loop operation and the 
transmission mode adjustment by the outer loop are not shown in FIG. 7. 
[1082] FIG. 7 shows a specific embodiment of a process that may be used for 
downlink and uplink data transmission in the exemplary TDD MIMO-OFDM system. 
Other processes may also be implemented whereby the channel estimation, transmission 
mode selection, and/or data transmission/reception may be performed in some other 
manners. 

2. Transmission Mode Selection 

[1083] FIG. 8 shows a flow diagram of a process 800 for selecting N s transmission 
modes for the Ns wideband eigenmodes. Process 800 may be used for steps 740 and 
750 in FIG. 7. Initially, the total transmit power, P M9 available at the transmitter for 

data transmission is distributed to the Ns wideband eigenmodes based on a power 
distribution scheme (step 812). The transmit power P m allocated to each wideband 
eigenmode is then distributed to the Nj? subbands of that wideband eigenmode based on 
the same or a different power distribution scheme (step 814). The power distribution 
across the Ns wideband eigenmodes and the power distribution across the Nf subbands 
of each wideband eigenmode may be performed as described below. 
[1084] An operating SNR for each wideband eigenmode, / , is computed based 

on (1) the allocated transmit powers P m (k) and the channel gains cr m (k) for the 

subbands of that wideband eigenmode, (2) the noise floor iV 0 at the receiver, and (3) the 

SNR offset for that wideband eigenmode (step 816). The computation of the operating 
SNR is described below. A suitable transmission mode q m is then selected for each 
wideband eigenmode based on the operating SNR for that wideband eigenmode and a 
look-up table (step 818). Excess power for each wideband eigenmode is determined, 
and the total excess power for all wideband eigenmodes is redistributed to one or more 
wideband eigenmodes to improve performance (step 820). The transmission mode for 
each wideband eigenmode may be adjusted (e.g., to the next lower data rate) if directed 
by outer loop information (step 822). Each of the steps in FIG. 8 is described in detail 
below. 
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A. Power Distribution Across Wideband Eigenmodes 



[1085] For step 812 in FIG. 8, the total transmit power, P total 9 may be distributed to 

the Ns wideband eigenmodes using various schemes. Some of these power distribution 
schemes are described below. 

[1086] In a uniform power distribution scheme, the total transmit power, P total , is 
distributed uniformly across the N s wideband eigenmodes such that they are all 
allocated equal power. The transmit power P m allocated to each wideband eigenmode 
m maybe expressed as: 



[1087] In a water-filling power distribution scheme, the total transmit power, P total , 
is distributed to the N s wideband eigenmodes based on a "water-filling" or "water- 
pouring" procedure. The water-filling procedure distributes the total transmit power, 
P iotal , across the Ns wideband eigenmodes such that the overall spectral efficiency is 
maximized. Water-filling is described by Robert G. Gallager in "Information Theory 
and Reliable Communication," John Wiley and Sons, 1968. The water-filling for the N s 
wideband eigenmodes may be performed in various manners, some of which are 
described below. 

[1088] In a first embodiment, the total transmit power, i> otal , is initially distributed 
to the N S N F subbands/eigenmodes using water-filling and based on their received 
SNRs, y m (7c) , for k <= K andmeM. The received SNR, y m (k) , may be computed as 
shown in equation (7) or (8) with the assumption of P toM being uniformly distributed 
across the N S N F subbands/eigenmodes. The result of this power distribution is an 
initial transmit power, P f ' n (k) , for each subband/eigenmode. The transmit power P m 
allocated to each wideband eigenmode is then obtained by summing the initial transmit 
powers, P/ n (k) , allocated to the N F subbands of that wideband eigenmode, as follows: 




, for m g M . 



Eq(9) 



P m =Y P ^ k ) > for meM. 



Eq(10) 
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[1089] la a second embodiment, the total transmit power, P totaU is distributed to the 
Ns wideband eigenmodes based on the average SNRs computed for these wideband 
eigenmodes. Initially, the average SNR, ^ avg>w , is computed for each wideband 

eigenmode m based on the received SNRs for the Np subbands of that wideband 
eigenmode, as follows: 



where y m (k) is computed as described above for the first embodiment. Water-filling is 



then performed to distribute the total transmit power, P M , across the Ns wideband 
eigenmodes based on their average SNRs, / av&wl , for m e M . 

[1090] In a third embodiment, the total transmit power, P total , is distributed to the Ns 
wideband eigenmodes based on the average SNRs for these wideband eigenmodes after 
channel inversion is applied for each wideband eigenmode. For this embodiment, the 
total transmit power, P iotal , is first distributed uniformly to the Ns wideband eigenmodes. 
Channel inversion is then performed (as described below) independently for each 
wideband eigenmode to determine an initial power allocation, P"(k) , for each subband 
of that wideband eigenmode. After the channel inversion, the received SNR is the same 
across all subbands of each wideband eigenmode. The average SNR for each wideband 
eigenmode is then equal to the received SNR for any one of the subbands of that 
wideband eigenmode. The received SNR, y" m (k) , for one subband of each wideband 
eigenmode can be determined based on the initial power allocation, P"( k ) , as shown in 
equation (7) or (8). The total transmit power, P M9 is then distributed to the N s 
wideband eigenmodes using water-filling and based on their average SNRs, m , for 
m eM . 

[1091] Other schemes may also be used to distribute the total transmit power to the 
Ns wideband eigenmodes, and this is within the scope of the invention. 



ft 




Eq(ll) 
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B. Power Allocation Across Subbands in Each Wideband Eigenmode 

[1092] For step 814 in FIG. 8, the transmit power allocated to each wideband 
eigenmode, P m , may be distributed to the N F subbands of that wideband eigenmode 
using various schemes. Some of these power distribution schemes are described below. 
[1093] In a uniform power distribution scheme, the transmit power for each 
wideband eigenmode, P m , is distributed uniformly across the N F subbands such that they 
are all allocated equal power. The transmit power P m (/c) allocated to each subband 
may be expressed as: 

p 

P m (k)^—f- , for keK and m e M . Eq(12) 

For the uniform power distribution scheme, the received SNRs for the N F subbands of 
each wideband eigenmode are likely to vary across the subbands. 

[1094] In a channel inversion scheme, the transmit power for each wideband 
eigenmode, P m , is distributed non-uniformly across the N F subbands such that they 
achieve similar received SNRs at the receiver. In the following description, cr m (k) 
denotes the estimated channel gain, which is equal to d m (k) for the downlink and 

&m (*) for me uplink. For the channel inversion scheme, a normalization b m is initially 
computed for each wideband eigenmode, as follows: 

b m =-JT r > for m eM . Eq (13) 

2 



The transmit power P m (k) allocated to each subband of each wideband eigenmode may 
then be computed as: 

P m (*) = %7^" , for ^ e and m eM . Eq (14) 

A transmit weight, W m (k) , may be computed for each subband of each wideband 
eigenmode, as follows: 



W m {k~) = JP m {k) , for ksK and meM. 



Eq(15) 
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The transmit weights are used to scale modulation symbols at the transmitter. For the 
channel inversion scheme, all N F subbands are used for each wideband eigenmode and 
the received SNRs for the subbands are approximately equal. 

[1095] In a selective channel inversion scheme, the transmit power for each 
wideband eigenmode, P m , is distributed non-uniformly across selected ones of the N F 
subbands such that the selected subbands achieve similar received SNRs at the receiver. 
The selected subbands are those with channel gains equal to or greater than a gain 
threshold. For this scheme, an average power gain, g m , is initially computed for each 
wideband eigenmode, as follows: 

1 & 

Sm = T^S^( /c ) > fox meM. Eq(16) 

M F *=1 

A normalization b m is then computed for each wideband eigenmode, as follows: 

al(k)>p m g m 

where fi m g m is the gain threshold and J3 m is a scaling factor, which may be selected to 
maximize the overall throughput or based on some other criterion. The transmit power 
allocated to each subband of each wideband eigenmode, P m (k) , may be expressed as: 



- ^ 5 if crl(k)>f3 mgm 



vl&kY ' '~ m ~ m , for keK and meM. Eq(18) 

0 , otherwise 



For the selective channel inversion scheme, N F or fewer subbands may be selected for 
use for each wideband eigenmode and the received SNRs for the selected subbands are 
approximately equal. 

[1096] Other schemes may also be used to distribute the transmit power P m across 
the N F subbands of each wideband eigenmode, and this is within the scope of the 
invention. 
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C. Transmission Mode Selection for Each Wideband Eigenmode 

[1097] For step 816 in FIG. 8, an operating SNR is computed for each wideband 
eigenmode. The operating SNR indicates the transmission capability of the wideband 
eigenmode. Various methods may be used for step 816, depending on whether the 
received SNRs are similar or vary across the subbands of each wideband eigenmode. In 
the following description, SNRs are given in units of decibels (dB). 
[1098] If channel inversion or selective channel inversion is performed, then the 
received SNRs for the subbands of each wideband eigenmode, y m (k) for JgI, are 
similar. The received SNR for subband k of wideband eigenmode m, y m (k) , may be 
computed as: 



r m (*) = ioiog 



10 



I J 



for k e K and m e M . (dB) Eq (19) 



The operating SNR for each wideband eigenmode, y Qpm , is equal to the received SNR 

for any one of the subbands of that wideband eigenmode minus the SNR offset for that 
wideband eigenmode, as follows: 

7o V>m = Ym ( k ) - Tos, m > fo r any k and m e M , (dB) Eq (20) 

where y m (k) , y osm , and y Qpm are all given in units of dB in equations (19) and (20). 
[1099] If the transmit power P m for each wideband eigenmode is uniformly 
distributed across the subbands, then the received SNRs for the subbands of each 
wideband eigenmode are likely to vary. In this case, the operating SNR for each 
wideband eigenmode, y opm , maybe computed as: 

ro P ,*,=r a vg,*-no,,„-/os^ > (dB) Eq(21) 

where y av&m is an average of the received SNRs for the N F subbands of wideband 
eigenmode m; and 

y ho m is a back-off factor that accounts for variation in the received SNRs, which 
may be a function of the variance of the received SNRs. 
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[1100] For step 818 in FIG. 8, a suitable transmission mode is selected for each 
wideband eigenmode based on the operating SNR for that wideband eigenmode. The 
system may be designed to support a set of transmission modes. The transmission mode 
having index 0 is for a null data rate (i.e., no data transmission). Each supported 
transmission mode is associated with a particular minimum SNR required to achieve the 
desired level of performance (e.g., 1% PER). Table 2 lists an exemplary set of 14 
transmission modes supported by the system, which are identified by transmission mode 
indices 0 through 13. Each transmission mode is associated with a particular spectral 
efficiency, a particular code rate, a particular modulation scheme, and the minimum 
SNR required to achieve 1% PER for a non-fading, AWGN channel. The spectral 
efficiency refers to the data rate (i.e., the information bit rate) normalized by the system 
bandwidth, and is given in units of bits per second per Hertz (bps/Hz). The spectral 
efficiency for each transmission mode is determined by the coding scheme and the 
modulation scheme for that transmission mode. The code rate and modulation scheme 
for each transmission mode in Table 2 are specific to the exemplary system design. 



Table 2 



Transmission 
Mode 
Index 


Spectral 
Efficiency 

(bps/Hz) 


Code 
Rate 


Modulation 
Scheme 


Required 
SNR 

(dB) 


0 


0.0 








1 


0.25 


1/4 


BPSK 


-1.8 


2 


0.5 


1/2 


BPSK 


1.2 


3 


1.0 


1/2 


QPSK 


4.2 


4 


1.5 


3/4 


QPSK 


6.8 


5 


2.0 


1/2 


16 QAM 


10.1 


6 


2.5 


5/8 


16 QAM 


11.7 


7 


3.0 


3/4 


16 QAM 


13.2 


8 


3.5 


7/12 


64 QAM 


16.2 


9 


4.0 


2/3 


64 QAM 


17.4 


10 


4.5 


3/4 


64 QAM 


18.8 


11 


5.0 


5/6 


64 QAM 


20.0 


12 


6.0 


3/4 


256 QAM 


24.2 


13 


7.0 


7/8 


256 QAM 


26.3 
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[1101] For each supported transmission mode with a non-zero data rate, the required 
SNR is obtained based on the specific system design (i.e., the particular code rate, 
interleaving scheme, modulation scheme, and so on, used by the system for that 
transmission mode) and for an AWGN channel. The required SNR may be obtained by 
computer simulation, empirical measurements, and so on, as is known in the art. A 
look-up table may be used to store the set of supported transmission modes and their 
required SNRs. 

[1102] The operating SNR for each wideband eigenmode, / , may be provided to 
the look-up table, which then provides the transmission mode q m for that wideband 
eigenmode. This transmission mode q m is the supported transmission mode with the 
highest data rate and a required SNR, y Tec[m , that is less than or equal to the operating 
SNR (i.e., y req m < r op>w ). The look-up table thus selects the highest possible data rate for 
each wideband eigenmode based on the operating SNR for that wideband eigenmode. 

D. Reallocation of Transmit Power 

[1103] For step 820 in FIG. 8, the excess transmit power for each wideband 
eigenmode is determined and redistributed to improve performance. The following 
terms are used for the description below: 

• Active wideband eigenmode - a wideband eigenmode with a non-zero data rate (i.e., 
a transmission mode having an index from 1 through 13 in Table 2); 

• Saturated wideband eigenmode - a wideband eigenmode with the maximum data 
rate (i.e., transmission mode having index 13); and 

• Unsaturated wideband eigenmode - an active wideband eigenmode with a non-zero 
data rate less than the maximum data rate (i.e., a transmission mode having an index 
from 1 through 12). 

[1104] The operating SNR for a wideband eigenmode may be less than the smallest 
required SNR in the look-up table (i.e., y opm <-1.8 dB for the transmission modes 
shown in Table 2). In this case, the wideband eigenmode may be shut off (i.e., not 
used) and the transmit power for this wideband eigenmode may be redistributed to other 
wideband eigenmodes. 
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[1105] The selected transmission mode q m for each active wideband eigenmode is 
associated with a required SNR, ^ , that is equal to or lower than the operating SNR, 
ie > 7re q ,,n ^ /^m • The minimum transmit power required for each active wideband 
eigenmode, P Teqm , may be computed as: 

^ = , formeM. Eq (22) 

The required transmit power is equal to zero (P nqm = 0) for each wideband eigenmode 
that is shut off (i.e., with transmission mode having index 0 in Table 2). 
[1106] The excess power for each wideband eigenmode, P excesSjfn , is the amount of 
allocated power that is over the minimum power needed to achieve the required SNR 
(i- e -> Excess,™ = p m ~ P r^m )■ The tota l excess power for all wideband eigenmodes, P excess , 
maybe computed as: 

Excess =2l( P m- P re q ,J ■ Eq (23) 

[1107] The total excess power, P excess , may be redistributed in various manners. For 
example, the total excess power, P excess , may be redistributed to one or more wideband 
eigenmodes such that higher overall throughput is achieved. In one embodiment, the 
total excess power, P ejxess , is redistributed to one unsaturated wideband eigenmode at a 
time, starting with the best one having the highest data rate, to move the wideband 
eigenmode to the next higher data rate. In another embodiment, the total excess power, 
Excess > is redistributed to the wideband eigenmode that can achieve the highest increase 
in data rate with the least amount of transmit power. 

[1108] If all wideband eigenmodes are operated at the highest data rate, or if the 
remaining excess power cannot increase the data rate of any wideband eigenmode, then 
the remaining excess power may be redistributed to one, multiple, or all active 
wideband eigenmodes to improve the SNR margins for these wideband eigenmodes. 
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E. Transmission Mode Adjustment 

[1109] For step 822 in FIG. 8, the transmission mode for each wideband eigenmode 
may be adjusted based on information from the outer loop. The selected transmission 
modes for the downlink and uplink wideband eigenmodes may be adjusted using the 
techniques described above for FIG. 2. For example, if excessive packet errors are 
received on a given wideband eigenmode, then the outer loop may provide a 
transmission mode adjustment for that wideband eigenmode. As another example, a 
running average of the received SNRs maybe maintained for each wideband eigenmode 
and used to compute the SNR margin for that wideband eigenmode. If the SNR margin 
for a given wideband eigenmode is negative, then the transmission mode for the 
wideband eigenmode may be adjusted to the next lower data rate. If a packet is 
transmitted across multiple wideband eigenmodes, then the transmission mode for the 
wideband eigenmode with the worse SNR margin may be adjusted to the next lower 
data rate whenever packet errors are detected. In any case, a transmission mode 
adjustment may direct the selection of another transmission mode with a lower data rate 
than the one selected in step 818. 

II. MIMO-OFDM System 

[1110] FIG. 9A shows a block diagram of an embodiment of an access point 510x 
and a user terminal 520x in the exemplary TDD MIMO-OFDM system. Access point 
51 Ox is one of access points 510 in FIG. 5, and user terminal 520x is one of user 
terminals 520. FIG. 9A shows the processing for downlink transmission. In this case, 
access point 51 Ox is transmitter 1 10 in FIG. 1 and user terminal 520x is receiver 150. 
[1111] For downlink transmission, at access point 51 Ox, traffic data is provided 
from a data source 912 to a TX data processor 920, which demultiplexes the traffic data 
into N c data streams, where N c > 1 . Traffic data may come from multiple data sources 

(e.g., one data source for each higher layer application) and the demultiplexing may not 
be needed. For simplicity, only one data source 912 is shown in FIG. 9 A. TX data 
processor 920 formats, codes, interleaves, modulates, and scales each data stream in 
accordance with the transmission mode selected for that data stream to provide a 
corresponding scaled modulation symbol stream. The data rate, coding, and modulation 
for each data stream may be determined by a data rate control, a coding control, and a 
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modulation control, respectively, provided by a controller 940. TX data processor 920 
provides Nc scaled modulation symbol streams to a TX spatial processor 928. 
[1112] TX spatial processor 928 processes the N c scaled modulation symbol 
streams based on a selected transmission scheme, multiplexes in pilot symbols, and 
provides N ap transmit symbol streams to N ap transmitter units (TMTR) 930a through 
930ap. The selected transmission scheme may be for transmit diversity, spatial 
multiplexing, or beam-steering. Transmit diversity entails transmitting data redundantly 
from multiple antennas and/or on multiple subbands to obtain diversity and improve 
reliability. A space-time transmit diversity (STTD) may be used for transmit diversity. 
Beam-steering entails transmitting data on a single (best) spatial channel at full power 
using the phase steering information for the principal eigenmode. Spatial multiplexing 
entails transmitting data on multiple spatial channels to achieve higher spectral 
efficiency. The spatial processing for spatial multiplexing is shown in Table 1. Each 
transmitter unit 930 performs OFDM processing on its transmit symbol stream to 
provide a corresponding OFDM symbol stream, which is further processed to generate a 
modulated signal. The N ap modulated signals from transmitter units 930a through 
930ap are then transmitted via N ap antennas 932a through 932ap, respectively. 
[1113] At user terminal 520x, the N ap transmitted signals are received by each of N ut 
antennas 952a through 952ut, and the received signal from each antenna is provided to 
an associated receiver unit (RCVR) 954. Each receiver unit 954 conditions and 
digitizes its received signal to provide a stream of samples, which is further processed to 
provide a corresponding stream of received symbols. Receiver units 954a through 
954ut provide N ut received symbol streams to an RX spatial processor 962, which 
performs spatial processing based on the selected transmission scheme (e.g., as shown 
in Table 1 for spatial multiplexing). RX spatial processor 962 provides Nc recovered 
symbol streams, which are estimates of the Nc modulation symbol streams transmitted 
by access point 51 Ox. An RX data processor 964 then demodulates, deinterleaves, and 
decodes each recovered symbol stream in accordance with the selected transmission 
mode to provide corresponding decoded data streams, which are estimates of the data 
streams transmitted by access point 51 Ox. The processing by RX spatial processor 962 
and RX data processor 964 is complementary to that performed by TX spatial processor 
928 and TX data processor 920, respectively, at access point 51 Ox. 
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[1114] A channel estimator 974 obtains estimates of one or more channel 
characteristics of the downlink and provides channel estimates to a controller 970. The 
channel estimates may be for channel gains, noise floor N 0M , and so on. RX data 

processor 964 may provide the status of each received data packet. Based on the 
various types of information received from channel estimator 974 and RX data 
processor 964, controller 970 determines a transmission mode for each of the multiple 
parallel channels on the downlink using the techniques described above. Each parallel 
channel may correspond to a wideband eigenmode (as described above) or some other 
combination of subbands and eigenmodes. Controller 970 provides feedback 
information, which may include the N c selected transmission modes for the downlink, 
the channel estimates, the terminal noise floor, ACKs and/or NAKs for the receive data 
packets, and so on, or any combination thereof. The feedback information is processed 
by a TX data processor 978 and a TX spatial processor 980, multiplexed with a steered 
reference, conditioned by transmitter units 954a through 954ut, and transmitted via 
antennas 952a through 952ut to access point 51 Ox. 

[1115] At access point 51 Ox, the N ut transmitted signals from user terminal 520x are 
received by antennas 932a through 932ap, conditioned by receiver units 930a through 
930ap, and processed by an RX spatial processor 934 and an RX data processor 936 to 
recover the feedback information sent by user terminal 520x. The feedback information 
is then provided to controller 940 and used to control the processing of the N c data 
streams sent to user terminal 520x. For example, the data rate, coding, and modulation 
of each downlink data stream may be determined based on the transmission mode 
selected by user terminal 520x. The received ACK/NAK may be used to initiate either 
a full retransmission or an incremental transmission of each data packet received in 
error by user terminal 520x. For an incremental transmission, a small portion of a data 
packet received in error is transmitted to allow user terminal 520x to recover the packet. 
[1116] A channel estimator 944 obtains channel gain estimates based on the 
received steered reference. The channel gain estimates are provided to controller 940 
and used (possibly along with the user terminal noise floor N 0 ut estimate) to derive 
transmit weights for the downlink. Controller 940 provides the data rate controls to data 
source 912 and TX data processor 920. Controller 940 further provides the coding and 
modulation controls and the transmit weights to TX data processor 920. The channel 
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estimation and transmission mode selection for downlink transmission may be 
performed as described above. 

[1117] Controllers 940 and 970 direct the operation at access point 510x and user 
terminal 520x, respectively. Memory units 942 and 972 provide storage for program 
codes and data used by controllers 940 and 970, respectively. 

[1118] FIG. 9B shows access point 510x and user terminal 520x for uplink 
transmission. In this case, user terminal 520x is transmitter 110 in FIG. 1 and access 
point 51 Ox is receiver 150. The channel estimation and transmission mode selection for 
uplink transmission may be performed as described above. The data processing at 
access point 5 1 Ox and user terminal 520x for uplink transmission may be performed in a 
manner similar to that described above for downlink transmission. The spatial 
processing at access point 51 Ox and user terminal 520x for uplink transmission may be 
performed as shown in Table 1. 

A. Transmitter and Receiver Subsystems 

[1119] For clarity, the processing at access point 51 Ox and user terminal 520x for 
downlink transmission is described in further detail below. 

[1120] FIG. 10 shows a block diagram of a transmitter subsystem 1000, which is an 
embodiment of the transmitter portion of access point 51 Ox. For this embodiment, TX 
data processor 920 includes a demultiplexer (Demux) 1010, N c encoders 1012a through 
1012s, N c channel interleavers 1014a through 1014s, N c symbol mapping units 1016a 
through 1016s, and N c signal scaling units 1018a through 1018s (i.e., one set of 
encoder, channel interleaver, symbol mapping unit, and signal scaling unit for each of 
the N c data streams). Demultiplexer 1010 demultiplexes the traffic data (i.e., the 
information bits) into N c data streams, where each data stream is provided at the data 
rate indicated by the data rate control. Demultiplexer 1010 may be omitted if traffic 
data is already provided as N c data streams. 

[1121] Each encoder 1012 receives and codes a respective data stream based on the 
selected coding scheme (as indicated by the coding control) to provide code bits. Each 
data stream may carry one or more data packets, and each data packet is typically coded 
separately to obtain a coded data packet. The coding increases the reliability of the data 
transmission. The selected coding scheme may include any combination of CRC 
coding, convolutional coding, turbo coding, block coding, and so on. The code bits 
from each encoder 1012 are provided to a respective channel interleaver 1014, which 
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interleaves the code bits based on a particular interleaving scheme. If the interleaving is 
dependent on transmission mode, then controller 940 provides an interleaving control 
(as indicated by the dashed line) to channel interleaver 1014. The interleaving provides 
time, frequency, and/or spatial diversity for the code bits. 

[1122] The interleaved bits from each channel interleaver 1014 are provided to a 
respective symbol mapping unit 1016, which maps the interleaved bits based on the 
selected modulation scheme (as indicated by the modulation control) to provide 
modulation symbols. Unit 1016 groups each set of B interleaved bits to form a B-bit 
binary value, where B > 1 , and further maps each B-bit value to a specific modulation 
symbol based on the selected modulation scheme (e.g., QPSK, M-PSK, or M-QAM, 
where M = 2 B ). Each modulation symbol is a complex value in a signal constellation 
defined by the selected modulation scheme. The modulation symbols from each symbol 
mapping unit 1016 are then provided to a respective signal scaling unit 1018, which 
scales the modulation symbols with the transmit weights, W m (k) for k e K , to achieve 

channel inversion and power distribution. Signal scaling units 1018a through 1018s 
provide Nc scaled modulation symbol streams. 

[1123] Each data stream is transmitted on a respective parallel channel that may 
include any number and any combination of subbands, transmit antennas, and spatial 
channels. For example, one data stream may be transmitted on all usable subbands of 
each wideband eigenmode, as described above. TX spatial processor 928 performs the 
required spatial processing, if any, on the Nc scaled modulation symbol streams and 
provides N ap transmit symbol streams. The spatial processing may be performed as 
shown in Table 1 . 

[1124] For a transmission scheme whereby one data stream is transmitted on all 
subbands of each wideband eigenmode (for a full-CSI MIMO system, as described 
above), N s sets of encoder 1012, channel interleaver 1014, symbol mapping unit 1016, 
and signal scaling unit 1018 may be used to process Ns data streams (where 
N c = N S = N ap < N ut for a full rank channel response matrix) to provide N ap scaled 

modulation symbol streams. TX spatial processor 928 then performs spatial processing 
on the N ap scaled modulation symbol streams, as shown in Table 1, to provide the N ap 
transmit symbol streams. 

[1125] For a transmission scheme whereby one data stream is transmitted on all 
subbands of each transmit antenna (for a partial-CSI MIMO system), N ap sets of encoder 
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1012, channel interleaver 1014, symbol mapping unit 1016, and signal scaling unit 1018 
may be used to process N ap data streams (where N c = N ap ) to provide N ap scaled 

modulation symbol streams. TX spatial processor 928 then simply passes each scaled 
modulation symbol stream as a transmit symbol stream. Since spatial processing is not 
performed for this transmission scheme, each transmit symbol is a modulation symbol. 
[1126] In general, TX spatial processor 928 performs the appropriate 
demultiplexing and/or spatial processing of the scaled modulation symbols to obtain 
transmit symbols for the parallel channel used for each data stream. TX spatial 
processor 928 further multiplexes pilot symbols with the transmit symbols, e.g., using 
time division multiplex (TDM) or code division multiplex (CDM). The pilot symbols 
may be sent in all or a subset of the subbands/eigenmodes used to transmit traffic data. 
TX spatial processor 928 provides N ap transmit symbol streams to N ap transmitter units 
930a through 930ap. 

[1127] Each transmitter unit 930 performs OFDM processing on a respective 
transmit symbol stream and provides a corresponding modulated signal. The OFDM 
processing typically includes (1) transforming each set of Nf transmit symbols to the 
time domain using an Ni?-point inverse fast Fourier transform (IFFT) to obtain a 
"transformed" symbol that contains Nf samples and (2) repeating a portion of each 
transformed symbol to obtain an OFDM symbol that contains N F + N cp samples. The 

repeated portion is referred to as the cyclic prefix, and N cp indicates the number of 

samples being repeated. The OFDM symbols are further processed (e.g., converted to 
one or more analog signals, amplified, filtered, and frequency upconverted) by 
transmitter unit 930 to generate the modulated signal. Other designs for transmitter 
subsystem 1000 may also be implemented and are within the scope of the invention. 
[1128] Controller 940 may perform various functions related to closed-loop rate 
control for the downlink and uplink (e.g., transmission mode selection for the uplink 
and transmit weight computation for the downlink). For uplink transmission, controller 
940 may perform process 800 in FIG. 8 and selects a transmission mode for each of the 
multiple parallel channels on the uplink. Within controller 940, a power allocation unit 
1042 distributes the total transmit power, .P tota -| UT) , to the multiple parallel channels (e.g.? 

A 

based on the channel gain estimates cr m (k) and the noise floor estimate iV 0ap for the 
access point). A channel inversion unit 1044 performs channel inversion for each 
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parallel channel. A transmission mode (TM) selector 1046 selects a suitable 
transmission mode for each parallel channel. Memory unit 942 may store a look-up 
table 1048 for supported transmission modes and their required SNRs (e.g., as shown in 
Table 2). For downlink transmission, controller 940 may also perform process 800 in 
FIG. 8 to determine the transmit power for each subband of each wideband eigenmode 
and computes the transmit weights used for scaling modulation symbols prior to 
transmission on the downlink. 

[1129] FIG. 11 shows a block diagram of a receiver subsystem 1100, which is an 
embodiment of the receiver portion of user terminal 520x. The N ap transmitted signals 
from access point 51 Ox are received by antennas 952a through 952ut, and the received 
signal from each antenna is provided to a respective receiver unit 954. Each receiver 
unit 954 conditions and digitizes its received signal to obtain a stream of samples, and 
further performs OFDM processing on the samples. The OFDM processing at the 
receiver typically includes (1) removing the cyclic prefix in each received OFDM 
symbol to obtain a received transformed symbol and (2) transforming each received 
transformed symbol to the frequency domain using a fast Fourier transform (FFT) to 
obtain a set of Np received symbols for the Np subbands. The received symbols are 
estimates of the transmit symbols sent by access point 51 Ox. Receiver units 954a 
through 954ut provide N ut received symbol streams to RX spatial processor 962. 
[1130] RX spatial processor 962 performs spatial or space-time processing on the 
Nut received symbol streams to provide Nc recovered symbol streams. RX spatial 
processor 962 may implement a linear zero-forcing (ZIf) equalizer (which is also 
referred to as a channel correlation matrix inversion (CCMI) equalizer), a minimum 
mean square error (MMSE) equalizer, an MMSE linear equalizer (MMSE-LE), a 
decision feedback equalizer (DFE), or some other equalizer. 

[1131] RX data processor 964 receives the Nc recovered symbol streams from RX 
spatial processor 962. Each recovered symbol stream is provided to a respective symbol 
demapping unit 1 132, which demodulates the recovered symbols in accordance with the 
modulation scheme used for that stream, as indicated by a demodulation control 
provided by controller 970. The demodulated data stream from each symbol demapping 
unit 1132 is de-interleaved by an associated channel de-interleaver 1134 in a manner 
complementary to that performed at access point 51 Ox for that data stream. If the 
interleaving is dependent on transmission mode, then controller 970 provides a 
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deinterleaving control to channel de-interleaver 1134, as indicated by the dashed line. 
The de-interleaved data from each channel de-interleaver 1134 is decoded by an 
associated decoder 1136 in a manner complementary to that performed at access 
point5 lOx, as indicated by a decoding control provided by controller 970. For example, 
a turbo decoder or a Viterbi decoder may be used for decoder 1136 if turbo or 
convolutional coding, respectively, is perfomied at access point 51 Ox. Decoder 1136 
may also provide the status of each received data packet (e.g., indicating whether the 
packet was received correctly or in error). Decoder 1136 may further store demodulated 
data for packets decoded in error, so that this data may be combined with additional data 
from a subsequent incremental transmission and decoded. 

[1132] In the embodiment shown in FIG. 11, channel estimator 974 estimates the 
channel response and the noise floor at user terminal 520x (e.g., based on the received 
pilot symbols) and provides the channel estimates to controller 970. Controller 970 
performs various functions related to closed-loop rate control for both the downlink and 
uplink (e.g., transmission mode selection for the downlink and transmit weight 
computation for the uplink). For downlink transmission, controller 970 may perform 
process 800 in FIG. 8. Within controller 970, a power allocation unit 1172 distributes 
the total transmit power, ^otai dn? to the multiple parallel channels (e.g., based on the 

channel gain estimates & m (k) and the noise floor JV 0ut estimate for the user terminal). 

A channel inversion unit 1174 performs channel inversion for each of the multiple 
parallel channels. A transmission mode (TM) selector 1176 selects a suitable 
transmission mode for each parallel channel. Memory unit 972 may store a look-up 
table 1 178 for supported transmission modes and their required SNRs (e.g., as shown in 
Table 2). Controller 970 provides N c selected transmission modes for the N c parallel 
channels on the downlink, which may be part of the feedback information sent to access 
point 51 Ox. For uplink transmission, controller 970 may also perform process 800 in 
FIG. 8 to determine the transmit power for each subband of each wideband eigenmode 
and computes the transmit weights used for scaling modulation symbols prior to 
transmission on the uplink. 

[1133] For clarity, transmitter subsystem 1000 has been described for access point 
510x and receiver subsystem 1100 has been described for user terminal 520x. 
Transmitter subsystem 1000 may also be used for the transmitter portion of user 
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terminal 520x, and receiver subsystem 1 100 may also be used for the receiver portion of 
access point 51 Ox. 

B. Downlink and Uplink Rate Control 

[1134] FIG. 12A shows a process for performing closed-loop rate control for the 
downlink based on the frame structure shown in FIG. 6. A BCH PDU is transmitted in 
the first segment of each TDD frame (see FIG. 6) and includes the MIMO pilot that can 
be used by the user terminal to estimate and track the downlink. A steered reference 
may also be sent in the preamble of an FCH PDU sent to the user terminal. The user 
terminal estimates the downlink based on the MIMO pilot and/or the steered reference 
and selects a suitable transmission mode (with the highest supported data rate) for each 
downlink wideband eigenmode (i.e., each parallel channel). The user terminal then 
sends these transmission modes as "proposed" transmission modes for the downlink in 
an RCH PDU sent to the access point. 

[1135] The access point receives the proposed transmission modes from the user 
terminal and schedules data transmission on the downlink in subsequent TDD frame(s). 
The access point selects the transmission modes for the downlink, which may be the 
ones received from the user terminal or some other transmission modes (with lower data 
rates), depending on system loading and other factors. The access point sends 
assignment information for the user terminal (which includes the transmission modes 
selected by the access point for downlink transmission) on the FCCH. The access point 
then transmits data on the FCH to the user terminal using the selected transmission 
modes. The user terminal receives the assignment information and obtains the 
transmission modes selected by the access point. The user terminal then processes the 
downlink transmission in accordance with the selected transmission mode. For the 
embodiment shown in FIG. 12A, the delay between the channel estimation and 
transmission mode selection by the user terminal and the use of these transmission 
modes for downlink transmission is typically one TDD frame, but may be different 
depending on applications, system configurations, and other factors. 
[1136] FIG. 12B shows a process for performing closed-loop rate control for the 
uplink based on the frame structure shown in FIG. 6. The user terminal transmits a 
steered reference on the RACH during system access and on the RCH upon being 
assigned FCH/RCH resources (see FIG. 6). The access point estimates the uplink based 
on the received steered reference and selects a suitable transmission mode for each 
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uplink wideband eigenmode. The access point sends assignment information for the 
user terminal (which includes the transmission modes selected for uplink transmission) 
on the FCCH. The user terminal transmits data on the RCH to the access point using 
the selected transmission modes. The access point processes the uplink transmission in 
accordance with the selected transmission modes. 

[1137] The closed-loop rate control techniques described herein may be 
implemented by various means. For example, these techniques may be implemented in 
hardware, software, or a combination thereof. For a hardware implementation, the 
elements used for closed-loop rate control at the transmitter and the receiver (e.g., 
controllers 940 and 970) may be implemented within one or more application specific 
integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing 
devices (DSPDs), programmable logic devices (PLDs), field programmable gate arrays 
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic 
units designed to perform the functions described herein, or a combination thereof. 
[1138] For a software implementation, portions of the closed-loop rate control may 
be implemented with modules (e.g., procedures, functions, and so on) that perform the 
functions described herein. The software codes may be stored in a memory unit (e.g., 
memory unit 942 or 972 in FIGS. 9A and 9B) and executed by a processor (e.g., 
controller 940 or 970). The memory unit may be implemented within the processor or 
external to the processor, in which case it can be communicatively coupled to the 
processor via various means as is known in the art. 

[1139] Headings are included herein for reference and to aid in locating certain 
sections. These headings are not intended to limit the scope of the concepts described 
therein under, and these concepts may have applicability in other sections throughout 
the entire specification. 

[1140] The previous description of the disclosed embodiments is provided to enable 
any person skilled in the art to make or use the present invention. Various 
modifications to these embodiments will be readily apparent to those skilled in the art, 
and the generic principles defined herein may be applied to other embodiments without 
departing from the spirit or scope of the invention. Thus, the present invention is not 
intended to be limited to the embodiments shown herein but is to be accorded the widest 
scope consistent with the principles and novel features disclosed herein. 
WHAT IS CLAIMED IS: 
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CLAIMS 

1. A method of transmitting data on a plurality of parallel channels in a 
wireless communication system, comprising: 

obtaining channel estimates for each of the plurality of parallel channels; 

selecting a transmission mode for each of the plurality of parallel channels based 
on the channel estimates for the parallel channel, wherein the transmission mode for 
each of the plurality of parallel channels indicates a data rate for the parallel channel; 
and 

sending the transmission mode for each of the plurality of parallel channels to a 
transmitting entity, wherein a data transmission on each of the plurality of parallel 
channels is processed at the transmitting entity in accordance with the transmission 
mode selected for the parallel channel. 

V) 

2. The method of claim 1, further comprising: 

receiving data transmissions on the plurality of parallel channels from the 
transmitting entity; and 

processing the data transmissions in accordance with the transmission mode 
selected for each of the plurality of parallel channels to recover data sent on the parallel 
channel. 

3. The method of claim 1, wherein the channel estimates for each of the 
plurality of parallel channels include at least one channel gain estimate and a noise floor 
estimate for the parallel channel. 

4. The method of claim 1, wherein the selecting includes 

determining a received signal-to-noise ratio (SNR) for each of the plurality of 
parallel channels based on the channel estimates for the parallel channel, and wherein 
the transmission mode for each of the plurality of parallel channels is selected based on 
the received SNR for the parallel channel. 
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5. The method of claim 4, wherein the selecting further includes 
determining an SNR offset for each of the plurality of parallel channels, and 

wherein the transmission mode for each of the plurality of parallel channels is further 
selected based on the SNR offset for the parallel channel. 

6. The method of claim 5, wherein the selecting further includes 
determining an operating SNR for each of the plurality of parallel channels 

based on the received SNR and the SNR offset for the parallel channel, and wherein the 
transmission mode for each of the plurality of parallel channels is selected based on the 
operating SNR for the parallel channel. 

7. The method of claim 6, wherein the transmission mode for each of the 
plurality of parallel channels is further selected based on a set of required SNRs for a set 
of transmission modes supported by the system. 

8. The method of claim 1, further comprising: 

estimating the quality of the data transmission received on each of the plurality 
of parallel channels, and wherein the transmission mode for each of the plurality of 
parallel channels is further selected based on the estimated quality of the data 
transmission received on the parallel channel. 

9. The method of claim 5, further comprising: 

adjusting the SNR offset for each of the plurality of parallel channels based on 
status of data packets received on the parallel channel. 

10. The method of claim 5, further comprising: 

adjusting the SNR offset for each of the plurality of parallel channels based on at 
least one decoder metric maintained for the parallel channel. 

1 1 . The method of claim 1 , further comprising: 

detecting for packet errors for each of the plurality of parallel channels; and 
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adjusting the transmission mode for each of the plurality of parallel channels 
based on the packet errors for the parallel channel. 

12. The method of claim 4, further comprising: 

determining an SNR margin for each of the plurality of parallel channels based 
on the received SNR and a required SNR for the parallel channel; and 

adjusting the transmission mode for each of the plurality of parallel channels 
based on SNR margins for the plurality of parallel channels. 

13. The method of claim 6, further comprising: 

distributing total transmit power to the plurality of parallel channels, and 
wherein the operating SNR for each of the plurality of parallel channels is further 
determined based on transmit power distributed to the parallel channel. 

14. The method of claim 13, wherein the total transmit power is uniformly 
distributed to the plurality of parallel channels. 

15. The method of claim 13, wherein the total transmit power is distributed 
to the plurality of parallel channels using a water-filling procedure. 

16. The method of claim 13, further comprising: 

determining excess power for each of the plurality of parallel channels based on 
the operating SNR for the parallel channel, a required SNR for the transmission mode 
selected for the parallel channel, and the transmit power distributed to the parallel 
channel; 

accumulating the excess power for each of the plurality of parallel channels to 
obtain total excess power for the plurality of parallel channels; and 

redistributing the total excess power to at least one of the plurality of parallel 
channels. 

17. The method of claim 16, wherein the total excess power is redistributed 
evenly to unsaturated parallel channels among the plurality of parallel channels, where 
the unsaturated parallel channels have data rates greater than zero and less than a 
maximum data rate. 
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18. The method of claim 16, wherein the total excess power is redistributed 
to one parallel channel, selected from among the plurality of parallel channels, that can 
achieve a highest increase in data rate with the total excess power. 

19. The method of claim 13, wherein each of the plurality of parallel 
channels includes a plurality of subbands, the method further comprising: 

distributing the transmit power for each of the plurality of parallel channels 
across the plurality of subbands of the parallel channel to achieve similar received SNRs 
for the plurality of subbands. 

20. The method of claim 13, wherein each of the plurality of parallel 
channels includes a plurality of subbands, the method further comprising: 

distributing the transmit power for each of the plurality of parallel channels 
uniformly across the plurality of subbands of the parallel channel. 

21. The method of claim 1, wherein the wireless communication system is an 
orthogonal frequency division multiplex (OFDM) communication system, and wherein 
the plurality of parallel channels are formed by a plurality of disjoint sets of subbands. 

22. The method of claim 1, wherein the wireless communication system is a 
frequency division multiplex (FDM) communication system, and wherein the plurality 
of parallel channels are formed by a plurality of frequency subbands. 

23. The method of claim 1, wherein the wireless communication system is a 
time division multiplex (TDM) communication system, and wherein the plurality of 
parallel channels are formed by a plurality of time slots. 

24. The method of claim 1, wherein the wireless communication system is a 
multiple-input multiple-output (MIMO) communication system, and wherein the 
plurality of parallel channels are formed by a plurality of spatial channels. 

25. The method of claim 1, wherein the wireless communication system is a 
multiple-input multiple-output (MIMO) communication system with orthogonal 
frequency division multiplex (OFDM). 
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26. The method of claim 25, wherein the plurality of parallel channels are 
formed by a plurality of wideband spatial channels, and wherein each of the plurality of 
parallel channels includes a plurality of subbands. 

27. The method of claim 25, wherein the channel estimates for each of the 
plurality of parallel channels are obtained based on a pilot transmitted from each of a 
plurality of antennas by the transmitting entity. 

28. The method of claim 25, wherein the channel estimates for each of the 
plurality of parallel channels are obtained based on a steered reference transmitted from 
a plurality of antennas by the transmitting entity. 

29. An apparatus in a wireless communication system, comprising: 

means for obtaining channel estimates for each of a plurality of parallel 
channels; 

means for selecting a transmission mode for each of the plurality of parallel 
channels based on the channel estimates for the parallel channel, wherein the 
transmission mode for each of the plurality of parallel channels indicates a data rate for 
the parallel channel; and 

means for sending the transmission mode for each of the plurality of parallel 
channels to a transmitting entity, wherein a data transmission on each of the plurality of 
parallel channels is processed at the transmitting entity in accordance with the 
transmission mode selected for the parallel channel. 

30. The apparatus of claim 29, further comprising: 

means for receiving data transmissions on the plurality of parallel channels from 
the transmitting entity; and 

means for processing the received data transmissions in accordance with the 
transmission mode selected for each of the plurality of parallel channels to recover data 
sent on the parallel channel. 



31. The apparatus of claim 29, wherein the means for selecting includes 
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means for determining a received signal-to-noise ratio (SNR) for each of the 
plurality of parallel channels based on the channel estimates for the parallel channel, 
■ and wherein the transmission mode for each of the plurality of parallel channels is 
selected based on the received SNR for the parallel channel. 

32. The apparatus of claim 29, further comprising: 

means for estimating the quality of the data transmission received on each of the 
plurality of parallel channels, and wherein the transmission mode for each of the 
plurality of parallel channels is further selected based on the estimated quality of the 
data transmission received on the parallel channel. 

33. An apparatus in a wireless communication system, comprising: 

a channel estimator operative to obtain channel estimates for each of a plurality 
of parallel channels; and 

a controller operative to select a transmission mode for each of the plurality of 
parallel channels based on the channel estimates for the parallel channel, wherein the 
transmission mode for each of the plurality of parallel channels indicates a data rate for 
the parallel channel, and wherein a data transmission on each of the plurality of parallel 
channels is processed at a transmitting entity in accordance with the transmission mode 
selected for the parallel channel. 

34. The apparatus of claim 33, further comprising: 

a receive (RX) data processor operative to receive data transmissions on the 
plurality of parallel channels and to process the received data transmissions in 
accordance with the transmission mode selected for each of the plurality of parallel 
channels to recover data sent on the parallel channel. 

35. The apparatus of claim 33, wherein the controller is operative to 
determine a received signal-to-noise ratio (SNR) for each of the plurality of parallel 
channels based on the channel estimates for the parallel channel and to select the 
transmission mode for each parallel channel based on the received SNR for the parallel 
channel. 
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36. The apparatus of claim 33, wherein the controller is operative to obtain 
an estimate of the quality of the data transmission received on each of the plurality of 
parallel channels and to adjust the transmission mode for each parallel channel based on 
the estimated quality of the data transmission received on the parallel channel. 

37. A method of transmitting data on a plurality of parallel channels in a 
wireless communication system, comprising: 

receiving feedback information from a receiving entity, wherein the feedback 
information is indicative of the quality of the plurality of parallel channels; 

determining a transmission mode for each of the plurality of parallel channels 
based on the feedback information, wherein the transmission mode for each of the 
plurality of parallel channels indicates a data rate for the parallel channel; 

processing data for each of the plurality of parallel channels in accordance with 
the transmission mode for the parallel channel; and 

transmitting the processed data for each of the plurality of parallel channels on 
the parallel channel to the receiving entity. 

38. The method of claim 37, wherein the transmission mode for each of the 
plurality of parallel channels is selected by the receiving entity based on channel 
estimates obtained for the parallel channel, and wherein the feedback information 
includes a plurality of transmission modes selected by the receiving entity for the 
plurality of parallel channels. 

39. The method of claim 37, further comprising: 

obtaining channel gain estimates for each of the plurality of parallel channels, 
and wherein the transmission mode for each of the plurality of parallel channels is 
determined based on the channel gain estimates for the parallel channel and a noise 
floor estimate for the parallel channel included in the feedback information from the 
receiving entity. 

40. The method of claim 39, wherein the channel gain estimates for each of 
the plurality of parallel channels are obtained based on a steered reference received from 
the receiving entity. 
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41 . The method of claim 37, further comprising: 

receiving an adjustment to the transmission mode for a first parallel channel 
among the plurality of parallel channels; and 

processing data for the first parallel channel in accordance with the adjustment 
to the transmission mode for the first parallel channel. 

42. The method of claim 41, wherein the adjustment to the transmission 
mode for the first parallel channel is determined based on packet errors detected for the 
first parallel channel. 

43. The method of claim 41, wherein the adjustment to the transmission 
mode for the first parallel channel is determined based on a received signal-to-noise 
ratio (SNR) and a required SNR for the first parallel channel. 

44. The method of claim 37, further comprising: 

computing, for each of the plurality of parallel channels, a plurality of transmit 
weights for a plurality of subbands of the parallel channel, wherein the plurality of 
transmit weights achieve similar received signal-to-noise ratios (SNRs) for the plurality 
of subbands of the parallel channel; and 

scaling the processed data for each of the plurality of parallel channels with the 
plurality of transmit weights for the parallel channel, and wherein the scaled and 
processed data for each of the plurality of parallel channels is transmitted on the parallel 
channel. 
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45. An apparatus in a wireless communication system, comprising: 

means for receiving feedback information from a receiving entity, wherein the 
feedback information is indicative of the quality of the plurality of parallel channels; 

means for determining a transmission mode for each of a plurality of parallel 
channels based on the feedback information, wherein the transmission mode for each of 
the plurality of parallel channels indicates a data rate for the parallel channel; 

means for processing data for each of the plurality of parallel channels in 
accordance with the transmission mode for the parallel channel; and 

means for transmitting the processed data for each of the plurality of parallel 
channels on the parallel channel. 

46. The apparatus of claim 45, further comprising: 

means for obtaining channel gain estimates for each of the plurality of parallel 
channels, and wherein the transmission mode for each of the plurality of parallel 
channels is determined based on the channel gain estimates for the parallel channel and 
a noise floor estimate for the parallel channel included in the feedback information from 
the receiving entity. 

47. The apparatus of claim 45, further comprising: 

means for receiving an adjustment to the transmission mode for a first parallel 
channel among the plurality of parallel channels; and 

means for processing data for the first parallel channel in accordance with the 
adjustment to the transmission mode for the first parallel channel 

48. An apparatus in a wireless communication system, comprising: 

a controller operative to determine a transmission mode for each of a plurality of 
parallel channels based on feedback information received from a receiving entity, 
wherein the feedback information is indicative of the quality of the plurality of parallel 
channels, and wherein the transmission mode for each of the plurality of parallel 
channels indicates a data rate for the parallel channel; 

a transmit (TX) data processor operative to process data for each of the plurality 
of parallel channels in accordance with the transmission mode for the parallel channel; 
and 
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at least one transmitter unit operative to transmit the processed data for each of 
the plurality of parallel channels on the parallel channel. 

49. The apparatus of claim 48, wherein the controller if operative to obtain 
channel gain estimates for each of the plurality of parallel channels and to determine the 
transmission mode for each of the plurality of parallel channels based on the channel 
gain estimates for the parallel channel and a noise floor estimate for the parallel channel 
included in the feedback information from the receiving entity. 

50. The apparatus of claim 48, wherein the controller is operative to obtain 
an adjustment to the transmission mode for a first parallel channel among the plurality 
of parallel channels, and wherein the TX data processor is operative to process data for 
the first parallel channel in accordance with the adjustment to the transmission mode for 
the first parallel channel. 

51. A method of transmitting data on a plurality of parallel channels in a 
wireless communication system, comprising: 

obtaining channel estimates for each of the plurality of parallel channels; 

computing a received signal-to-noise ratio (SNR) for each of the plurality of 
parallel channels based on the channel estimates for the parallel channel; 

computing an operating SNR for each of the plurality of parallel channels based 
on the received SNR and an SNR offset for the parallel channel; 

selecting a transmission mode for each of the plurality of parallel channels based 
on the operating SNR for the parallel channel and a set of required SNRs for a set of 
transmission modes supported by the system, wherein the transmission mode for each of 
the plurality of parallel channels indicates a data rate for the parallel channel; and 

processing data for each of the plurality of parallel channels in accordance with 
the transmission mode selected for the parallel channel. 
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52. The method of claim 51, further comprising: 

estimating the quality of a data transmission received on each of the plurality of 
parallel channels; and 

adjusting the SNR offset for each of the plurality of parallel channels based on 
the estimated quality of the data transmission received on the parallel channel. 

53. The method of claim 52, wherein the quality of the data transmission 
received on each of the plurality of parallel channels is estimated based on status of 
packets received on the parallel channel. 

54. The method of claim 52, further comprising: 

adjusting the transmission mode for each of the plurality of parallel channels 
based on the estimated quality of the data transmission received on the parallel channel. 

55. An apparatus in a wireless communication system, comprising: 

means for obtaining channel estimates for each of a plurality of parallel 
channels; 

means for computing a received signal-to-noise ratio (SNR) for each of the 
plurality of parallel channels based on the channel estimates for the parallel channel; 

means for computing an operating SNR for each of the plurality of parallel 
channels based on the received SNR and an SNR offset for the parallel channel; 

means for selecting a transmission mode for each of the plurality of parallel 
channels based on the operating SNR for the parallel channel and a set of required 
SNRs for a set of transmission modes supported by the system, wherein the 
transmission mode for each of the plurality of parallel channels indicates a data rate for 
the parallel channel; and 

means for processing data for each of the plurality of parallel channels in 
accordance with the transmission mode selected for the parallel channel. 

56. The apparatus of claim 55, further comprising: 

means for estimating the quality of a data transmission received on each of the 
plurality of parallel channels; and 
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means for adjusting the SNR offset for each of the plurality of parallel channels 
based on the estimated quality of the data transmission received on the parallel channel. 

57. The method of claim 56, further comprising: 

means for adjusting the transmission mode for each of the plurality of parallel 
channels based on the estimated quality of the data transmission received on the parallel 
channel. 

58. An apparatus in a wireless communication system, comprising: 

a channel estimator operative to provide channel gain estimates for each of a 
plurality of parallel channels; 

a selector operative to compute a received signal-to-noise ratio (SNR) for each 
of the plurality of parallel channels based on the channel estimates for the parallel 
channel, compute an operating SNR for each of the plurality of parallel channels based 
on the received SNR and an SNR offset for the parallel channel, and select a 
transmission mode for each of the plurality of parallel channels based on the operating 
SNR for the parallel channel and a set of required SNRs for a set of transmission modes 
supported by the system, wherein the transmission mode for each of the plurality of 
parallel channels indicates a data rate for the parallel channel; and 

a data processor operative to process data for each of the plurality of parallel 
channels in accordance with the transmission mode selected for the parallel channel. 

59. The apparatus of claim 58, wherein the selector is operative to receive an 
estimate of the quality of a data transmission received on each of the plurality of parallel 
channels and to adjust the SNR offset for each of the plurality of parallel channels based 
on the estimated quality of the data transmission received on the parallel channel. 

60. The method of claim 59, wherein the selector is further operative to 
adjust the transmission mode for each of the plurality of parallel channels based on the 
estimated quality of the data transmission received on the parallel channel. 
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61. A processor readable media for storing instructions operable to: 

obtain channel gain estimates for each of a plurality of parallel channels in a 
wireless communication system; 

compute a received signal-to-noise ratio (SNR) for each of the plurality of 
parallel channels based on the channel estimates for the parallel channel; 

compute an operating SNR for each of the plurality of parallel channels based on 
the received SNR and an SNR offset for the parallel channel; and 

select a transmission mode for each of the plurality of parallel channels based on 
the operating SNR for the parallel channel and a set of required SNRs for a set of 
transmission modes supported by the system, wherein the transmission mode for each of 
the plurality of parallel channels indicates a data rate for the parallel channel, and 
wherein data is sent on each of the plurality of parallel channels in accordance with the 
transmission mode selected for the parallel channel. 

62. The processor readable media of claim 61 and further storing instructions 
operable to: 

adjust the SNR offset for each of the plurality of parallel channels based on an 
estimate of the quality of the data transmission received on the parallel channel. 

63. The processor readable media of claim 62 and further storing instructions 
operable to: 

adjust the transmission mode for each of the plurality of parallel channels based 
on the estimated quality of the data transmission received on the parallel channel. 
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